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} INTRODUCTION. 


Throughout the sandy sections of the cotton belt, where cotton 
wilt and root-knot occur every year to an increasing extent, there is 
urgent need for a fuller understanding of these diseases and the 
important relation they bear to each other and to the farmer’s mar- 
gin of profit. Wilt occurring alone causes serious loss to the cotton 
crop, not only by killing large numbers of plants, but, further, by 
stunting very many others and thus greatly reducing the yield. Cot- 
ton root-knot by itself causes a dw arfing of the plants and a conse- 
quent decrease in yield over large areas. Often the farmer does not 
notice this or attributes it to an ‘unfavorable season, poor soil, lack of 
proper fertilization, or some local condition. Where.these two dis- 
eases occur together, which is frequently the case, the loss is often so 
great that it becomes well-nigh impossible by the usual methods of 
cultivation to grow the principal money crop of this section without 
an actual loss. In other words, wilt and root-knot then become the 
most important limiting factors in the production of cotton. To 
remedy this condition the whole scheme of farming must often be 
changed and planned with special reference to the control of these 
highly important enemies of the cotton crop. Rotation of crops for 
the control of root-knot and the use of varieties of cotton resistant 
to wilt are more essential to the profitable growing of the crop in 
badly diseased areas than fertilization or cultivation, although these 
are of prime importance. 

Cotton wilt and root-knot occur to a greater or less extent in every 
eotton-producing State from North Carolina to Texas. The areas 
where wilt is of most general and serious occurrence are southern and 
eastern South Carolina, southwestern Georgia, and southeastern 
Alabama. The lines and dots on the accompanying map (fig. 1) 
show graphically the relative severity of wilt in the States where it 
occurs. Parallel lines indicate sections where the disease is known 
to be general, while dots are used to mark territory less generally 
infected, each dot indicating a place where the disease is known to 
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occur. The heavy line marks the approximate boundary between 
the sandy and alluvial soils of the Coastal Plain, where wilt and root- 
knot are most prevalent, and the clay soils of the Piedmont Plateau, 


OKLAHOMA 


Fic. 1.—Map of the Southeastern States, showing the geographical distribution of cotton wilt. The 
shaded portions show where the wilt is general, while the dots indicate scattered localities where 
the disease is known to occur. 

where the occurrence of these diseases is rare. Wilt without doubt 
exists in many places of which we have no authentic record, and it is 


Fic. 2.—A wilt-diseased cotton plant, showing the wilted main stem on the left, from which the leaves 
have mostly fallen, and a new shoot on the right, not yet attacked. 


rapidly spreading to new territory. It is probable that the disease 
will eventually be found in nearly all the cotton sections having 
sandy soils, Root-knot occurs even more generally than wilt in the 
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same areas and soil types. Wherever sandy soils occur in the cot- 
ton belt root-knot is to be looked for. 
While it is difficult to form a very accurate estimate of the damage 
caused by these diseases, the most authentic 
records available indicate that an annual 
loss of $10,000,000 is very conservative. The 
loss is occasioned not only by the death or 
dwarfing of affected plants, but by the lower- 
ing of the market value of infested land, by 
the increased cost of cultivation of such land, 
due to the growth of weeds where the cot- 
ton has died, and by the fact that badly dis- 
eased fields must often be used for crops less 
profitable than cotton. This situation is the 
more unfortunate because it is for the most 
part unnecessary. These diseases can be al- 
most entirely controlled by the methods 


described in this bulletin. Pin. 3-0Wgue enetten a4 
wilt-diseased cotton stem, 


HOW TO RECOGNIZE COTTON WILT. showing the browning 


caused by the wilt fungus. 

When the leaves of cotton plants wilt and fall 
without any apparent reason, blackroot, or wilt, is to be sus- 
pected. If a freshly wilted plant is examined (fig. 2) and the in- 
terior of the stem or root is found to be browned or blackened (fig. 
3), the disease is al- 
most sure to be wilt. 
Certain kinds of 
dwarfing of the main 
stem are likewise 
characteristic of wilt, 
particularly a reduc- 
tion in the length 
and a shortening of 
the distance between 
the branches. This 
is often accompanied 
by the normal devel- 
opment of one or 
more of the basal 
limbs, due to partial 
infection (fig. 4). 
The disease may kill the plants in early May, or its first indication 
may be the sudden wilting and death of practically mature plants 
in mid-September. All through the season affected stalks die from 
the trouble. 


Fig. 4.—A wilt-diseased cotton plant, showing the typical stunting of 
the main stem and the normal development of one lateral branch. 
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The first appearance of wilt in a field is usually in small rounded or 
irregular areas, which enlarge each season. Outside the spots where 
the plants are killed, dwarfed and sickly plants occur, which may 
survive and produce asmallcrop. Occasionally plants are found that 
remain alive in the worst infected areas. By selection from such 
resistant plants, varieties largely immune to the disease have been 
developed. 

HOW TO RECOGNIZE COTTON ROOT-KNOT. 

The detection of cotton plants affected by root-knot, except by an 

examination of the roots, is much more difficult than in the case of 


Fic. 5.—Root-knot on a cotton plant grown on land where nonresistant 
cowpeas were raised the previous year. 

wilt. Diseased plants are distinctly stunted but not appreciably de- 
formed, as in wilt, and have a peculiar sickly yellowish green color on 
both leaves and stem. In times of drought affected plants are the 
first to show the lack of water and may wilt slightly in the middle of 
the day. If such a plant is pulled carefully or, better, dug up with a 
shovel, the roots will be found to be covered with swellings, or galls, 
from the size of a pinhead to a half inch or more in diameter, as shown 
in figure 5. If one of these knots is broken open, numerous pearly 
white rounded bodies about half the size of a small pinhead, the female 
nematodes (see fig. 11), can often be seen with the naked eye. 

When root-knot occurs with wilt, which is often the case, the symp- 
toms of both diseases are present. The plants usually all die or are 
so badly dwarfed that little or no cotton is produced. 
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d or IMPORTANT FACTS ABOUT COTTON WILT. 

here WILT CAUSED BY A FUNGUS. 

may Wilt is caused by a fungus, a minute moldlike plant growth (fig. 6) 
that which enters the roots from the soil. It grows vigorously in the 
uch water-carrying ves- 

een sels of the roots and 


stems (fig. 7), caus- 
ing them to turn 
black. (See fig. 3.) 
It shuts off wholly 
or in part the water 
supply of the plant 
and eventually 
brings about the 
death of those bad- 
ly affected. This 
fungus produces iN Fig. 6.—The cotton wilt fungus (Fusarium vasinfectum Atk.): 1, Co- 
great numbers sev- nidlophore; 2, macroconidia; 3, microconidia; 4, chlamydospores; 
. 5, bits of swollen hyphe. 
eral types of fruit- 
ing bodies, by which it is propagated. (See fig. 6.) 
Closely related fungi of the same genus cause serious wilts of 
okra, coffee weed, cowpea, tomato, water- 


melon, potato, and other plants. Thus 
far, these diseases have not been proved 
to be communicable to cotton. 


WILT SPREAD BY NUMEROUS AGENCIES. 


Wilt is spread by the direct growth of 
the causal fungus through the soil and 
by any agency which will transfer spores 
or disease-infected soil from one field 
to another, such as cultivators, plows, 
and other tools, the feet of men or ani- 
mals, wind, and drainage water. Dur- 
ing heavy rains the overflow from dis- 
eased fields will carry the wilt to lower 
areas. To prevent this, terraces may 
often be built advantageously to turn 
the water into ditches. Stable manure 

and the compost heap may be infected 

Fic. 7.—Enlarged section of part of a ‘ ‘ 

diseased cotton stem, showing vessels by. soil from the feet of mules used in a 

filled by the wiltfungus. Normalwater diseased field, and thus the wilt may be 

vessels (h) are shown in comparison 7 

with several such vessels (f) plugged by carried to new areas. The disease is 

Bae ee. often spread most noticeably along fre- 
quently traveled farm roads or paths. It is possible, but not yet 
proved, that the disease is carried in the seed. 
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WILT MOST SEVERE ON SANDY LAND. 


Wilt occurs almost exclusively on soils of a sandy or sandy-loam 
nature. In most cases, the lighter the soil the more severe is the 
wilt. For this reason it is often worst in portions of the field where 
large quantities of sand have been washed by drainage water. Sandy 
ridges through the field or high sandy spots are also severely affected. 
Rarely has the disease been known to occur on clay soils, and then 
only when they were adjacent to infected sandy soils. 


WET SEASONS FAVOR WILT. 


It is a fact recognized by most farmers in wilt territory that the 
disease is more severe in wet seasons and less injurious in dry years, 
Abundant soil moisture favors a rapid growth of the cotton plant and 
likewise furnishes the best conditions for the development of the 
fungus. For this reason also, new cases of wilt are usually most 
numerous just after a rain. 


ROOT-KNOT MAKES WILT WORSE. 


When root-knot occurs with wilt, the amount of loss is very 
materially increased and different methods of control are made 
necessary. Cotton is moderately subject to root-knot, which reduces 
the yield in hundreds of fields whose owners are ignorant of its 
presence. The plant illustrated in figure 5 shows a typical severe 
case of root-knot on cotton. The wounds which the nematodes 
make in the roots furnish points of entrance for the wilt fungus, 
which then completes the destructive work. Whole fields are thus 
practically annihilated, the farmer losing not only the crop but all 
the labor of planting and caring for it, when by the use of proper 
rotations a paying crop could have been grown. Even the wilt- 
resistant varieties bred by the Department of Agriculture are not 
entirely resistant to root-knot and should not be planted on land 
infested by nematodes until such fields have been rotated to reduce 
the number of these eelworms. In almost every case where wilt- 
resistant cotton sent out by the Bureau of Plant Industry was 
reported to have failed, the reason was found to be the presence of 
root-knot. 

CONTROL MEASURES. 


LATE PLANTING GIVES NO RELIEF. 


Carefully conducted experiments have shown that late-planted cot- 
ton is as severely attacked by wilt as that put in at the usual time. 
Furthermore, it is a commonly accepted fact that late-planted crops 
scldom produce as large a yield as those planted early. In boll-weevil 
territory cotton must be planted early to get ahead of the weevil. 
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FERTILIZERS AND FUNGICIDES INEFFECTIVE. 


Cotton wilt can not be controlled by the use of fertilizers. Neither 
kainit, acid phosphate, salt, lime, potash, nitrate of soda, or any other 
fertilizer used alone or in combination has given any relief. In some 
cases of slight infestation the use of stable manure has been of benefit, 
and its use in the breeding of wilt-resistant varieties has been found 
of assistance. 

The use of soil fungicides is too expensive to be worthy of consid- 
eration. Moreover, large quantities of numerous fungicides have been 
used on wilt-infected land without reducing the amount of disease. 


Fic. 8.—A field of Upland cotton in South Carolina destroyed by wilt. 


ROTATION OF CROPS IMPORTANT. 


The fact that the wilt fungus can live for a long time as a saprophyte 
on the decaying organic matter in the soil renders it well-nigh impossible 
to starve out the disease by crop rotation. Short rotations are of little 
benefit. While rotations of seven to ten years have reduced the wilt 
somewhat, no case is known where it has been wholly eradicated. On 
the other hand, root-knot can be controlled by rotation. Because of 
the almost universal occurrence of root-knot with wilt and because of 
the fact that nematodes increase the severity of wilt, rotation of crops, 
combined with the use of resistant varieties, becomes of vital impor- 
tance in the control of wilt. 


WILT CONTROLLED BY GROWING RESISTANT VARIETIES. 


Wilt when occurring alone can be successfully controlled by the use 
of wilt-resistant varieties of cotton (figs. 8 and 9): When root-knot 
occurs with wilt, crop rotation must be combined with the planting 
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of resistant varieties. Thousands of acres of these varieties have been 
profitably grown on wilt-infected land every season for the past six 
or eight years. Their use on diseased land has long since passed the 
experimental stage and each season sees the extension of their planting 


to new territory. 


IMPORTANT FACTS ABOUT ROOT-KNOT. 


ROOT-KNOT CAUSED BY EELWORMS. 


Root-knot of cotton and other crops is caused by minute eelworms, 
or nematodes, which bore into the roots and live there. The irrita- 
tion of their presence results in the formation of irregular swellings, 
or galls, varying in size from tiny enlargements on the small roots to 
knots an inch or more in diameter on the large ones. The male 


Fic. 9.—Dillon wilt-resistant cotton grown two years later on the badly infected field shown figinure 8. 


worms are too small to be seen with the naked eye (fig. 10), but the 
females (fig. 11) when full of eggs assume a spherical shape and may 
often be distinguished in freshly broken roots as glistening pearly 
bodies half the size of a small pinhead. Each female lays several 
hundred eggs, and thus the worms are propagated. 


HOW ROOT-KNOT IS SPREAD. 


Root-knot may be carried from one field to another by any agency 
which will transfer some of the nematodes or their eggs, in exactly 
the same manner that wilt is disseminated. Drainage water is per- 
haps one of the most important means of spreading root-knot. In 
addition, a common agency for the introduction of the nematode into 
new territory is nursery stock. Seedling pecans, peaches, figs, mul- 
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berries, or pomegranates, and -young asparagus, cabbage,. eggplant, 
strawberry, tobacco, and tomato -plants purchased from infested 
sections may carry the worms in their roots or in the soil adhering to | 
them. Several cases have come to the notice of | 
the writer which have been unquestiohably traced 
to nursery-stock importations. In the West, where 
the nematode occurs quite commonly on the _potato, 
the worms are carried in the tubers. 











SANDY SOILS MOST SUBJECT TO ROOT-KNOT. 













Root-knot is essentially a disease of light soils. 
Although the disease may occur on heavier soils than 
wilt, yet it is not as a rule serious on soils contain- 
ing a large proportion of clay. In general, the lighter 
the soil the more severe the root-knot injury. The 
places of greatest damage are usually light sandy spots 
or ridges in infected fields. In gardens which have 
been highly fertilized with stable manure root-knot 
is often very severe. 












ROOT-KNOT ATTACKS MANY FARM 
CROPS. 








Unlike wilt, root-knot attacks Fi. 10.— The adult 
verv |: be f vl ts male of Heterodera 
a very large number of plants, — jedicicoia, or nem- 


many of which are important atode gallworm: 
* - : I, Worm in pro- 
farm crops. Those subject to fle view: 1 


root-knot injury may be di- head of the same, 
4 ais ms more highly mag- 
vided into two groups, accord- _ jifea: r11, middle 


ing to their degree of suscep-  Tesionoftheworm, 
oy eye r showing blind 
tibility. The crops most se- ends of the sexual 


verely attacked by root-knot  °tsans; 1V, pos- 
; terior extremity. 


are as follows: (After N. A.Cobb.) 

















Fia. 11.—Female of the nema- Bean, soy. Fig. 
tode gallworm ( Heterodera Beet. Lettuce. 
radicicola), magnified 85 di- 















ameters: a, Mouth; b, spher- Cantaloupe. Okra. 

ical sucking bulb; ¢, c, ova- Carrot. Peach. 

ries, as seen through the Celery. Pecan. 

body wall; d, anus; ¢, small Clover, bur. Pomegranate 
picts 2 ele ety eg Clover, crimson. Potato. | 
these worms. ‘They are Cowpea (all varieties ex- Salsify. 
usually white. It is gener- cept Iron and Brabham Squash. 

= ~ panna ipdiernna and other Iron hybrids). Tobacco. : 
anc yt pee ee Cucumber. Tomato. | 
them. (After N. A. Cobb.) Eggplant. Watermelon. 7 





The manner in which the roots of the cantaloupe and Black cowpea 
are covered with swellings, or galls, by the disease is shown in figures 
12 and 13. 
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Plants less severely injured by root-knot are the following: 
Alfalfa. Collard. Radish. 
Asparagus. Cotton. Spinach. 
Bean, Lima. Mulberry. Strawberry. 
Bean, snap. Onion. Sugar cane. 
Cabbage. Pea, garden. Vetch, common. 
Clover, sweet. Potato, sweet. Vetch, hairy. 
A few common weeds are subject to nematode injury and should 
therefore be eradicated where the attempt is being made to reduce 
root-knot in fields. The 
most severely injured are 
the balloon vine, the may- 
pop or passion flower, 
and the papaya or melon 
pawpaw. Weeds less 
severely affected by 
root-knot are mayweed, 
purslane, and sweet 
fennel. 


SOME FARM CROPS RESISTANT 
TO ROOT-KNOT. 


Fortunately, a few 
farm crops are largely or 
entirely immune to root- 
knot. By employing 
these in suitable rota- 
tions, nematodes may be 
starved out on infested 
fields, so that susceptible 
crops can be grown until 
the worms increase sufficiently to cause damage, when another rota- 
tion is necessary. 

The following crops are largely or entirely immune to root-knot: 


Fig. 12.—Root-knot on cantaloupe. 


Barley. Cowpea, Iron hybrids. Oats, winter. 
Bean, velvet. Grass, Bermuda. Peanut. 
Beggarweed, Florida. Grass, crab. . Rye. 
Chufas. Grasses (nearly all). Sorghum. 
Corn. Kafir. Wheat. 
Cowpea, Brabham. Millets (nearly all). 

Cowpea, Iron. Milo. 


ROOT-KNOT INCREASED BY MOST VARIETIES OF COWPEAS. 


Such varieties of cowpeas as the Whippoorwill, Clay, Black, 
Unknown, Red Ripper, New Era, and others are so susceptible to 
root-knot that not only are they seriously injured, but the growing 
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of them on nematode-infested fields greatly increases the number of 
worms in the soil, and consequently the damage to subsequent cotton 
or other susceptible crops. It is a common complaint of farmers in 
wilt sections that the wilt is noticeably more severe after a crop of 






cowpeas of a variety which is susceptible to root-knot. This is due 
to the fact that the nematodes make points of entrance for the wilt 
fungus, which then kills or further injures the plants. There are a few 
varieties of cowpeas which are highly resistant to nematodes, includ- 
ing the Iron and the Brabham and other Iron hybrids. These should 
be the only cowpeas planted on land infested with root-knot. 










CONTROL MEASURES. 
ROOT-KNOT CONTROLLED BY CROP ROTATION. 






The rotation and diversification of crops are of fundamental impor- 
tance to southern agriculture everywhere and become absolutely 






necessary where the 
root-knot nematode 
is present. 

It has been repeat- 
edly demonstrated by 
many farmers that 
root-knot can be con- 
trolled by the use of 
proper crop rota- 
tions. The principles 
on which such rota- 
tions are based are 
(1) the use of crops 
immune to nematode 
attacks until the nem- 
atodes are sufficiently 
reduced so that sus- 
ceptible crops may be 
profitably grown and FG. 13.—Root-knot on Black cowpea. 

(2) the eradication of 

all weeds subject to root-knot. The use of crops that will return a 
profit and the building up of the fertility of the soil are also important 
considerations. Every farmer must work out for himself the par- 
ticular rotations suited to his farm and his type of farming. 

if land is very badly infested with nematodes as well as wilt, a 
2-year or 3-year rotation with immune crops is recommended before 
susceptible crops, including cotton, are grown, and they should not 
be grown for more than one or two years thereafter before the rota- 
tion with immune crops should be repeated. When the infestation is 
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less severe, a 1-year or 2-year rotation will do much to put the land 
in condition to grow the crops desired: 

In planning rotations for land: infested with root- knot, susceptible 
crops, such as: tobacco, sweet potatoes, cotton, cantaloispes, okra, and 
tomatoes, should never follow one another. The damage increases 
each year so long. as susceptible crops are planted. If the first crop 
should escape’ serious. injury, the nematodes will increase in the soil 
to such an extent. that the second crop:will be almost sure to show a 
‘decided loss. .Immune crops should: always be alternated with sus- 
ceptible ones ‘and the nematode injury thereby reduced to a minimum. 

With regard to winter legumes, such as crimson clover, bur clover, 
Japan clover, and the vetches, the use of which is rapidly increasing 
throughout thé South, sufficient observations have not yet been made 
to warrant any general-:statement. These plants are listed as mod- 
erately to severely attacked by root-knot, but the nematodes are not 
very active during the period between October 15 and April 15, when 
these crops are usually grown, and they may therefore escape serious 


injury. 
BEST ROTATIONS TO USE. 


While no recommendations can be given that will apply to all situa- 
tions and soil types, a typical rotation that can be modified to fit any 
condition is suggested. For land infested with both wilt and root- 
knot the following treatment has been successfully used by many 
farmers: Beginning in the fall, sow winter oats if they can be gotten 
in early enough to make a fairly good growth before it is necessary 
to plow the land for the next crop. Plow the oats under for green 
manure and plant corn with Irdn or Brabham cowpeas between the 
rows, putting in the corn at the usual time, about March 15 to 20 for 
middle Georgia and South Carolina. In the fall sow a winter grain; 
this can be cut for hay or allowed to ripen. Cowpeas, either the Iron 
or Brabham variety, may then be broadcasted or, better, planted 
in 2-foot drills, where they can be cultivated once or twice. The 
cowpeas may. be saved for seed or cut for hay and followed by another ° 
crop of winter grain. This should be plowed under in the spring in 
time to plant a wilt-resistant variety of cotton the third year. Wheat, 
rye, or barley may. be substituted for oats as a winter-grain crop, and 
velvet beans for the Iron or Brabham cowpeas in the more southern 
districts. Any of the other immune crops included in the list on 
page 10 may be used in the rotation. 

Considerable reduction in the-nematode i injury will follow the use 
of a 1-year rotation composed of two winter-grain crops with a crop 
of velvet beans or resistant, cowpeas grown the intervening summer. 
In one case in Georgia, the growing, of a single crop of Iron cowpeas 
on wilt and nematode infested land, where 75 per cent of the previous 
cotton crop was killed, resulted in a reduction of the loss in the 
cotton crop the succeeding year to less than 10 per cent, as against 
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a loss of 90 per cent on adjoining land planted the previous year in 
cotton instead of Iron cowpeas. When the injury is as severe as 
this, however, it is usually more profitable to practice a 2-year or 
3-year rotation. 







WILT-RESISTANT VARIETIES DEVELOPED BY BREEDING. 










The commercial varieties of cotton differ considerably in their 
susceptibility to wilt, but none of them are sufficiently resistant to 
be grown profitably on wilt-infected land. As the result of many 
tests it has been found that the large-bolled cottons, such as the 
Russell, Cleveland, Truitt, and Rogers, are in general more subject to 
wilt than other groups. Some of the smaller bolled varieties have 
shown considerable resistance and have been used as a basis for the 
breeding of resistant strains. 

The experiments of the Bureau of Plant Industry, which have now 
been carried on for 15 consecutive years, have shown that the only 
practicable solution of the wilt problem is through the use of wilt- 
resistant strains developed by special breeding. Such cottons have 
been produced and grown successfully for the past eight or more 
years on thousands of acres of wilt-infected land in a large number of 
localities, until no doubt remains as to the possibility and practi- 
cability of controlling the disease in this way. During this period 
these varieties have been further improved by selection for greater 
resistance, larger yield, longer lint, higher percentage of lint, and other 
desirable qualities. 

The development of wilt-resistant strains requires breeding for 
several years by the careful methods described later in this bulletin. 
Mass selections from apparently resistant strains of existing commer- 
cial varieties will not suffice. The selection of apparently resistant 
plants from the varieties usually grown may occasionally lead to the 
development of a resistant variety,“but will generally result in dis- 
appointment. Only by the selection of resistant plants from an 
inherently resistant strain, by the subsequent testing of these on 
wiit-infected land, and by. the continuation of. individual selections 
and progeny-row tests can a resistant variety be developed. 




























DILLON. 





The first wilt-resistant Upland cotton produced was the Dillon, a 
limbless cluster variety derived from the old Jackson Limbless. It 
is very productive on land to which itis adapted. ‘Crops of a bale 
or more per acre have been. grown where other varieties were a 
failure. The yield of lint is 37 to 38 per cent. This cotton has been 
grown quite widely since its introduction in 1904 and is still the most 
resistant to wilt and root-knot of any of the varieties thus far devel- 
oped. The fact that it is a cluster cotton and rather hard to pick 
has prevented its adoption by many farmers. 
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DIXIE. 


The second wilt-resistant variety developed by the Department of 
Agriculture was the Dixie. This has the branched pyramidal habit 
of growth characteristic of the Peterkin group of varieties and on 
this as well as other accounts has gained much wider popularity 
than the Dillon. The Dixie (fig. 14) had its origin in a selection 
made at Troy, Ala., of a plant presumably the result of an accidental 
cross between two of the numerous Upland varieties planted there 

in 1902. It has been 
carefully bred by the 
plant-to-row method 
until well fixed and 
has been considerably 
improved in earliness, 
size of boll, and per- 
centage of lint. 

The Dixie variety is 
now being grown very 
extensively through- 
out the wilt districts 
of Alabama, Georgia, 
and South Carolina 
and is very largely 
displacing the Dillon. 

A technical descrip- 
tion of the Dixie vari- 
ety follows: 

Plant vigorous, wilt re- 
sistant, of medium height, 
pyramidal, nearly of the 
Peterkin type, usually with 
two or more large basal 

Fig. 14.—Typical plant of Dixie wilt-resistant cotton. branches, and with long, 

slender, slightly drooping 

fruiting limbs; leaves of medium size; bolls of medium size, about 75 being 

required for a pound of seed cotton, easy to pick; seed small, weight of 100 seeds 10 

grams, variable in color, but typically covered with short greenish brown fuzz; lint 
about seven-eighths of an inch, percentage of lint to seed 34 to 35. 


. 
MODELLA. 


A third promising wilt-resistant variety, the Modella, also of the 
Peterkin type, has been bred by Mr. A. C. Lewis, of the Georgia State 
Board of Entomology, and is being introduced in Georgia. 


HYBRID RESISTANT STRAINS. 


When the boll weevils began their eastward advance toward the 
badly wilt-infected cotton areas of Alabama and Georgia, a new 
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problem was presented, the production of a variety of cotton that 
would be resistant to wilt and sufficiently early to be grown in the 
presence of the weevil. It was also desired to produce a cotton hav- 
ing larger bolls, longer lint, and a higher percentage of lint than 
either the Dixie or the Dillon variety. The indications are that both 
of these varieties, though medium early, are too late to be successfully 
grown where the boll weevil is present. Accordingly, in 1908, 1909, 
and 1911 a large number of hybrids were made between the Dillon 
and Dixie as wilt-resistant parents and several of the better large- 
bolled early varieties, some of which were being successfully grown 
in areas infested with the boll weevil, namely, the Triumph, Cook, 
Pride of Georgia, Columbia, Coker, Webber, Foster, and Trook. 

The first of the hybrids have now been grown four years on wilt- 
infected land. Several promising types have been selected, which 
are very highly resistant to wilt, uniform, earlier than the Dillon, 
and possess to a greater or less degree the other characters desired 
of larger bolls, longer lint, and higher percentage of lint. There 
remains now the important work of testing these hybrids on wilt- 
infected land in the presence of the boll weevil, to determine which 
ones are best adapted to withstand the attacks of these two most 
serious enemies of the cotton industry. As soon as the tests are com- 
pleted, the best strains will be propagated as rapidly as possible and 
their seed distributed. 


OTHER RESISTANT VARIETIES. 


Among the several so-called resistant varieties that have been devel- 
oped by individual farmers, two are worthy of mention. The variety 
known as ‘‘Sam Wood” was developed by Judge Samuel Wood, of 
Abbeville, Ala., and has been grown to a considerable extent in Henry 
and adjoining counties of southeastern Alabama. The variety is tall, 
approaching the semicluster type, quite wilt resistant, productive, and 
gives 38 to 40 per cent of lint. Its principal faults are small bolls and 
short lint, great lack of uniformity, and late maturing habit. It is 
probably too late for successful culture in the presence of the boll 
weevil. 

Another variety has been developed in the same section by Mr. W. F. 
Covington, of Headland, Ala., and is known commercially as the 
Covington Toole Wilt-Resistant cotton. This is a selection from the 
Improved Toole. It possesses the earliness and productiveness of the 
Toole, together with its high percentage of lint, is very uniform, and 
fairly resistant to wilt. For those who do not object to small bolls, 
short lint, and lack of storm resistance, this variety will prove superior 
to other commercial varieties for wilt-infected land, especially in 
southeastern Alabama, to which section it seems best adapted. 
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RESISTANCE TO WILT MAINTAINED BY CAREFUL BREFDING. 


Several years’ experience with wilt-resistant varieties has demon- 
strated the fact that resistance to wilt can be maintained only by care- 
ful attention to breeding. Special care is needed to prevent the dete- 
rioration of resistant varieties through crossing with nonresistant 
cotton in near-by fields, through the lack of selection, and through 
the mixing of seed at the public gins. A careful man can maintain the 
resistance of his cotton indefinitely, but when neglected it loses this 
quality in three or four years and must be replaced by fresh seed. 
Consequently, there is likely to be a permanent annual demand for 
several thousand bushels of carefully bred wilt-resistant seed in nearly 
every infected county. It is important that this should be grown in 
the home county, as locally grown:seed gives better results than seed 
brought from a distance. Because.of these facts an excellent oppor- 
tunity exists for progressive men.in every wilt-infected county to 
engage with profit in the growing of seed of wilt-resistant varieties of 
cotton. The method found most successful requires care, accuracy, 
and instruction at the start. 


PRINCIPLES OF BREEDING. 


The careful farmer has heretofore attempted to maintain the quality 
of his cotton by planting his seed patch at a distance from other cotton 
to avoid crossing, by pulling out undesirable plants, by mass selection 
of the best plants in the field, and by care to avoid the mixing of the 
seed with that of other cotton at the gin. These are all important, 
but one additional step is necessary for the best results in breeding for 
wilt resistance, viz, the adoption of the plant-to-row method of select- 
ing and testing plants. The increased value of the plant-to-row 
method of breeding, which is necessary to maintain wilt resistance, is 
based on the principle that individual plants differ not only in their 
visible characters but, what is more important, in their inherent power 
to transmit these characters to their progeny. Two plants growing 
side by side may be identical so far as the eye can see, both in external 
characters and apparent resistance to wilt. The resistance of one 
plant may be due to an inherent quality, which will be passed on 
through the seed to the offspring, while the apparent resistance of 
the other may be caused by lack of wilt infection. By planting the 
seed of these two plants in progeny rows on wilt-infected land it is 
possible to pick out and save the resistant row and discard the other. 
(Fig. 15.) Ifsuch plants are picked together, both the good and bad 
qualities are perpetuated and progress is greatly hindered. The same 
principles apply to other characters. They are extremely important 
for general cotton breeding, but in breeding for wilt resistance they 
are absolutely essential. 
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BREEDING METHODS. 


For the assistance and guidance of farmers who desire to take up 
the growing of wilt-resistant cotton seed, either for their own use or 
for sale, the methods worked out by the Bureau of Plant Industry 
as the result of 15 years’ experience will be described. 

Briefly, the plant-to-row method of breeding is as follows: Select 
the most resistant plants to be found, pick and gin them separately, 
plant a row from each on wilt-infected land, discard the nonresistant 
and inferior rows, and continue to select and breed from the best 
rows and plants only. The breeder must formulate a type of plant 
toward which to select and keep this always in mind. 


Fia. 15.—Progeny rows in a breeding plat of Dillon cotton, each row from a single plant. The center 
row proved nonresistant. The parent plant was healthy, thus showing the necessity of progeny-row 
tests in the selection of resistant strains. 


SELECT WILT-INFECTED LAND. 


All breeding work for resistance to wilt must be done on wilt- 
infected land, so that nonresistant plants will be eliminated as rapidly 
as they appear and only resistant ones propagated. Land uniformly 
infected with wilt should be selected, as free as possible from root- 
knot, separated from other cotton to avoid cross-pollination, and near 
enough to the house to be convenient for selection work at odd times. 
The plat may be located in a cornfield or in a field of the same variety 
of cotton. It should be rectangular in shape, with all the rows the 
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same length, and prepared and fertilized as for other cotton. The 
rows should be laid off 4 to 44 feet apart and the hills 2 to 24 feet, 
to allow room for the normal development of plants. 


PLANT SELECTIONS IN PROGENY ROWS. 


Plant 100 hills of each selection, four or five seeds to the hill, and 
save the remainder for replanting. Checkrow to get the hills evenly 
spaced, or stretch beside the row a cord with the distances indicated. 
Make a shallow trench with a small bull-tongue or make a depression 
with the heel. Drop the seed in this and cover it lightly with the 
foot. Drive a stout stake at the end of each row and write the 
selection number on it with a hard lead pencil. Make a diagram of 
the plat, recording the number and location of each row, as stakes 
are sometimes broken in cultivation. 


THIN TO ONE PLANT TO THE HILL AND PULL OUT DISEASED PLANTS. 


After replanting and when the cotton is all up, thin to one plant 
to the hill and record the number of plants left in each row. Under 
no circumstances replant with any other cotton. Go over the plat 
occasionally and pull out all diseased plants. In September, just 
before selections are to be made, count the healthy plants in each 
row. These counts compared with the stand counts will give the 
percentage of wilt resistance. 


SELECT THE BEST ROWS AND PLANTS. 


Discard rows showing much wilt. Carefully compare the most 
resistant rows with regard to earliness, productiveness, uniformity, 
type, size of bolls, and length and quantity of lint, and save four to 
eight of the best rows. In the selection of rows as well as plants, 
wilt resistance is the first and most important consideration. Con- 
tinuous selection toward a certain ideal type is also essential. Pick 
separately several of the best plants from each selected row, giving 
each its proper row number with the plant number added, thus, 
18-1, 18-2, 18-3, and so on. Use tags for labeling plants and sacks. 
Selected plants should be free from anthracnose and other diseases. 


MAKE CAREFUL NOTES. 


Notebooks must be provided to record the data regarding the rows 
and plants. Make notes on the selected rows covering the points 
considered in the selection. Take notes on each selected plant cover- 
ing the following points: Earliness, shape, height, and productive- 
ness of plant, length of joints, shape and size of bolls, size and color 
of seed, and length, strength, and percentage of lint. A special 
4 by 6 inch note blank with spaces provided for these notes in detail 
has been devised and used by the Department of Agriculture in all 
of this breeding work. By the use of these blanks the time required 
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to make the necessary notes has been greatly reduced. Neatness and 
legibility are important, and to this end a pen or hard lead pencil 
should be used, as notes taken with a soft pencil soon become rubbed 
and blurred. Notes should be entered directly in the notebook and 
not copied from memoranda. 


GIN THE SEPARATELY SELECTED ROWS AND PLANTS. 


The ginning of the individual selections and progeny rows should 
be left until winter, when the rush of fall work is over. A small hand 
gin is most convenient for ginning individual plants. Three types 
of hand gins are on the market: (1) A small saw gin, very similar in 
appearance to the ordinary commercial saw gin, but having only 10 
saws and furnished with a handle by means of which it is operated; 
(2) a small-sized roller gin of the type generally used to gin Sea 
Island cotton and also operated by a handle; and (3) a gin somewhat 
similar to the roller gin, but having a series of fingers instead of 
beaters to break the lint from the seed. The price of these gins 
ranges from $50 to $75. It is often possible for several farmers to 
club together to bear the expense of such an outfit. A single large 
saw gin can be used for row plats. In ginning different individual 
plants or progeny rows, great care should be taken to see that the 
gin is thoroughly cleaned out after each operation, so that not asingle 
seed will be left to mix with the succeeding lots. 


DETERMINE THE LENGTH AND PERCENTAGE OF LINT OF EACH PLANT AND ROW. 


Weigh the seed cotton from each plant or row; gin and weigh the 
seed. Compute the percentage of lint by dividing the weight of 
lint by the weight of seed cotton. In the final selection of plants to 
be grown, give preference to those with high lint percentage. De- 
termine the length by combing out the lint on a few seeds and measur- 
ing with arule. Discard selections having lint less than three-fourths 
to seven-eighths of an inch long. 


PLANT THE BEST SELECTIONS AND ROWS. 


When all the plants have been compared, pick out 25 to 50 of the 
selections made which have the longest and best percentage of lint 
and which conform most nearly in other characters to the type 
adopted. Plant these the next season in progeny rows, as already 
described. Save the best progeny rows and selections from them, 
as before. 

Plant in increase plats the seed of the two or three best rows 
saved, dropping them by hand to make them go as far as possible. 
Save a few seeds for replanting and under no circumstances use any 
other cotton seed for this purpose. The increase plats may well be 
planted immediately surrounding the progeny block. Thin to one 
plant in a place. Go over the plats several times row by row and 
pull out all wilted and off-type plants, to prevent their crossing with 
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good plants. If very much wilt develops in any plat, discard it. 

Pick the increase plats by themselves, carefully sack and label the 

cotton, and put it away until the rush of the ginning season is past. 
GIN WITH GREAT CARE. 

To avoid every possibility of mixing with other seed, use a single 
gin, remove every seed from the roll, and do not pass the cotton 
through the usual suction chute, but feed by hand and catch the 
seed on a burlap sheet on the floor. Weigh the seed cotton and the 
seed from each plat and determine the lint percentage. Store the 
seed where there will be no danger of its being mixed with other seed. 


PLANT THE SEED FIELD FROM THE BEST INCREASE PLAT. 


Use the seed from the increase plat showing the greatest wilt 
resistance, highest productiveness and percentage of lint, and other 
characters conforming most nearly to the adopted type for planting 
a seed field. Give this field the same care as the increase plats. 

Beginning with the third year and each year thereafter, the farmer 
will have 25 to 50 progeny rows immediately surrounded by two to 
four increase plats and a large seed field from which seed can be 
sold or used for planting larger areas. 

Careful personal supervision of the details of this work is essential 
for the maintenance of the best grade of seed. 


THE DEPARTMENT OF AGRICULTURE AND THE EXPERIMENT STATIONS 
COOPERATE WITH FARMERS. 


The demand for wilt-resistant cotton seed became so great in 1910 
that arrangements were made with a dozen farmers in South Carolina 
and Georgia to grow seed for sale under the supervision of the Depart- 
ment of Agriculture. This was a distinct success, but the demand 
for seed was greater than the supply. In 1911 the work was still 
further enlarged by a cooperative arrangement between the Bureau 
of Plant Industry and the experiment station in South Carolina and 
the State Board of Entomology in Georgia. 


PURPOSE OF THE WORK. 


The purpose of this cooperative work is twofold: (1) To provide 
a definite and active means of carrying directly to the farmer facts 
regarding the nature of the wilt and root-knot of cotton and other 
crops and the best methods of controlling them and (2) to secure 
the assistance of progressive farmers in all wilt infected sections in 
the production of an adequate supply of resistant cotton and cowpea 
seed to meet the local demand, to maintain its quality, and to 
produce still better strains. 

HOW THE WORK IS DONE. 


In the dissemination of information about wilt and root-knot 
every available agency is utilized. A field pathologist, representing 
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the Department of Agriculture and the State agency, visits all sections 
of the State where these diseases occur and gives lectures on them 
at farmers’ institutes, at county and State fairs, at meetings of the 
agents of the Farmers’ Cooperative Demonstration Work, and at 
other gatherings of farmers. The demonstration agents are very 
important means of getting information and advice to the farmer at 
first hand. It is therefore essential that they have a full and accurate 
understanding of all the details, so that correct advice may be given. 
From time to time the local newspapers are supplied with articles on 
these same subjects. Bulletins are also published by the Department 
of Agriculture and by the State agricultural experiment stations. 


FARMERS BECOME COOPERATIVE BREEDERS. 


Under the supervision of the field pathologists about 50 farmers in 
the States of South Carolina and Georgia are now growing wilt- 
resistant cotton seed for sale. These cooperative breeders agree to 
secure proper seed, to follow the breeding methods outlined by the 
field pathologist, to exercise necessary care to maintain the purity 
of their seed, and to offer it for sale at a reasonable price, not to 
exceed an amount previously agreed upon. They also agree not to 
sell seed not grown by them unless so stated. 

The field pathologist, as a representative of the State and of the 
Department of Agriculture, provides these cooperative breeders with 
small quantities of select planting seed in the beginning or refers them 
to other breeders from whom they can purchase such seed at a 
reasonable price. He visits the breeders several times during the 
season to advise with them regarding the work and to show them all 
the details, from the planting through the roguing, selection, note 
taking, and ginning. He will also inspect the seed fields and give the 
breeders seed certificates. 


SEED CERTIFICATES GIVEN. 


In the early stages of the work it was not found advisable to start 
the system of seed certification, as was originally planned, but such 
a system will eventually be put into practice. Two grades of seed 
will be recognized—‘‘registered seed”? and ‘‘improved seed.” By 
‘registered seed’? is meant seed grown by the individual-selection 
and progeny-row methods described in this bulletin, which is found 
on inspection to be resistant and of the highest grade and purity. 
As ‘‘improved seed”’ will be designated all other seed where the 
standard of the variety in wilt resistance, productiveness, and purity 
is being maintained, but where the plant-to-row method is not being 
followed in all of its details. These certificates will be given only 
after thorough inspection of the growing crop by the field pathologist 
and after an official test of the seed in comparison with standard 


resistant strains. 
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OTTON WILT causes large preventable losses in the 
sandy soils of the cotton belt. Where root-knot also 


occurs, the injury is still greater. 


Wilt is caused by a soil-inhabiting fungus which plugs the 
water vessels in the stem of the plant. No treatment with 
fungicides, fertilizers, or any material applied to the soil or 
the plant will prevent it; but varieties of cotton which resist 
the disease have been developed by breeding and can be ob- 


tained through purchase from cooperators of the Department 
of Agriculture, whose names may be learned from the local 
county agent. 


Root-knot is due to an eelworm which is a parasite on many 
crops. It can be controlled by the crop-rotation methods 
outlined in this bulletin. y 
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DISTRIBUTION OF COTTON WILT AND ROOT-KNOT. 


HROUGHOUT the sandy sections of the cotton belt, where 

cotton wilt and root-knot occur every year to an increas- 
ing extent, there is urgent need for a fuller understanding of 
these diseases and the important relation they bear to each other 
and to the farmer’s margin of profit. Wilt occurring alone causes 
serious loss to the cotton crop, not only by killing large num- 
-bers of plants, but, further, by stunting very many others and thus 
greatly reducing the yield. Cotton root-knot by itself causes a dwarf- 
ing of the plants and a consequent decrease in yield over large areas. 
Often the farmer does not notice this or attributes it to an unfavorable 
season, poor soil, lack of proper fertilization, or some local condition. 
Where these two diseases occur together, which is frequently the case, 
the loss is often so great that it becomes well-nigh impossible by the 
usual methods of cultivation to grow the principal money crop of this 
section without an actual loss. In other words, wilt and root-knot 
then become the most important limiting factors in the production 
of cotton. To remedy this condition, the whole scheme of farming 
must often be changed and planned with special reference to the con- 
trol of these highly important enemies of the cotton crop. 

Rotation of crops for the control of root-knot and the use of varie- 
ties of cotton resistant to wilt are more essential to the profitable 
growing of the crop in badly diseased areas than fertilization or cul- 
tivation, although these are of prime importance. 

Cotton wilt and root-knot occur to a greater or less extent in every 
cotton-producing State from North Carolina to Texas. The areas 
where wilt is of most general and serious occurrence are southern and 
eastern South Carolina, southwestern Georgia, and southeastern 
Alabama. The lines and dots on the accompanying map (fig. 1) 
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Fig. 1.—Map showing the geographical distribution of cotton wilt in the Southeastern States. The 
shaded portions show where the wilt is general, while the dots indicate scattered localities where 
the disease is known to occur. 


show graphically the relative severity of wilt in the States where it 
occurs. Parallel lines indicate sections where the disease is known 
to be general, while dots are used to mark territory less generally 
infected, each dot indicating a place where the disease is known to 
occur. The heavy line marks the approximate boundary between 
the sandy and alluvial soils of the Coastal Plain, where wilt and root- 
knot are most prevalent, and the clay soils of the Piedmont Plateau, 
where the occurrence of these diseases is rare. Wilt without doubt 
exists in many places of which we have no authentic record, and it is 
rapidly spreading to new territory. It is probable that the disease 
will eventually be found in nearly all the cotton sections having 
sandy soils. Root-knot occurs even more generally than wilt in the 
same areas and soil types. Wherever sandy soils occur in the cot- 
ton belt root-knot is to be looked for. 

Though it is difficult to form a very accurate estimate of the dam- 
age caused by these diseases, an estimate based on a farm-to-farm 
survey of a typical county indicates that root-knot of cotton alone 
causes a loss of $35,000,000 a year. The loss is occasioned not only 
by the death or dwarfing of affected plants, but by the lowering of 
the market value of infested land, by the increased cost of cultiva- 
tion of such land, due to the growth of weeds where the cotton has 
died, and by the fact that badly diseased fields must often be used 
for crops less profitable than cotton. This situation is the more 
unfortunate because it is for the most part unnecessary. These dis- 
eases can be almost entirely controlled by the methods described in 
this bulletin. 
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HOW TO RECOGNIZE COTTON WILT. 


When the leaves of cotton plants wilt and fall without any appar- 
ent reason, black-root, or wilt, is to be suspected. If a freshly wilted 
plant is examined (see title-page) and the interior of the stem or root 
is found to be browned or blackened (fig. 2), the disease is almost 
sure to be wilt. Certain kinds of dwarfing of the main stem are 
likewise characteristic of wilt, particularly a reduction in the length 
and a shortening of the distance between the branches. This is 
often accompanied by the normal development of one or more of the 
basal limbs, due to partial infection (fig. 3). The disease may kill 
the plants in early May, or its first indication may be the sudden 
wilting and death of practically mature plants in mid-September. 
All through the season, affected stalks die from the trouble. The 
first appearance of wilt in a field is usually in small rounded or irreg- 
ular areas which enlarge each season. Outside the spots where the 
plants are killed, dwarfed and sickly plants occur, which may survive 
and produce a small crop. Occasionally plants are found that 
remain alive in the worst infected areas. By selection from such 
resistant plants varieties largely immune to the disease have been 
developed. 

HOW TO RECOGNIZE COTTON ROOT-KNOT. 


The detection of cotton plants affected by root-knot, except by an 
examination of the roots, is much more difficult than in the case 
of wilt. Diseased plants are distinctly stunted but not appreciably 
deformed, as in wilt, and both leaves and stem have a peculiar 
sickly yellowish green color. In times of drought, affected plants are 


Fic. 2.—Oblique section of a 
wilt-diseased cotton stem, 
showing the browning Fic. 3.—A wilt-diseased cotton plant, showing the typical stunting of 
caused by the wilt fungus, the main stem and the normal development of one lateral branch, 
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the first to show the 
lack of water and 
may wilt slightly in 
the middle of the 
day. Ifsuchaplant 
is pulled carefully or, 
better, dug up with a 
shovel, the roots will 
be found to be coy- 
ered with swellings, 
or galls, from the size 
of a pinhead to half 
an inch or more in di- 
ameter, as shown in 
figure 4. If one of 
these knots is broken 
open, numerous 
pearly white rounded 
bodies about half the 
size of a small pin- 
head, the female nem- 
atodes (see fig. 7), can often be seen with the naked eye. 

When root-knot occurs with wilt, which is often the case, the symp- 
toms of both diseases are present. The plants usually all die or are 
so badly dwarfed that little or no cotton is produced. 


IMPORTANT FACTS ABOUT COTTON WILT. 


FIG. 4.—Root-knot on a cotton plant grown on land where nonresistant 
cowpeas were raised the previous year. 


' WILT CAUSED BY A FUNGUS. 


Wilt is caused by a fungus, a minute moldlike plant growth, which 
enters the roots from the soil. It grows vigorously in the water- 
carrying vessels of the roots and stems, causing them to turn black. 
(See fig. 2.) It shuts off wholly or in part the water supply of the 
plant and eventually brings about the death of those badly affected. 
This fungus produces in great numbers several types of fruiting 
bodies,.by which it is propagated. 

Closely related fungi of the same genus cause serious wilts of okra, 
coffeeweed, cowpea, tomato, watermelon, potato, and other plants. 
Thus far these diseases have not been’ proved to be communicable to 


cotton. 
WILT SPREAD BY NUMEROUS AGENCIES. 


Wilt is spread by the direct growth of the causal fungus through 
the soil and by any agency which will transfer spores or disease- 
infected soil from one field to another, such as cultivators, plows, and 
other tools, the feet of men or animals, wind, and drainage water. 
During heavy rains, the overflow from diseased fields will carry the 
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wilt to lower areas. To prevent this, terraces may often be built 
advantageously to turn the water into ditches. Stable manure and 
the compost heap may be infected by soil from the feet of mules used 
in a diseased field, and thus the wilt may be carried to new areas. 
The disease is often spread most noticeably along frequently traveled 
farm roads or paths. Tests covering a period of four years to deter- 
mine whether wilt is carried by the seed have given negative results. 


WILT MOST SEVERE ON SANDY LAND. 


Wilt occurs almost exclusively on soils of a sandy or sandy-loam 
nature. In most cases, the lighter the soil the more severe is the 
wilt. For this reason it is often worst in portions of the field where 
large quantities of sand have been washed by drainage water. Sandy 
ridges through the field or high sandy spots are also severely affected. 
Rarely has the disease been known to occur on clay soils, and then 
only when they were adjacent to infected sandy soils. 


WET SEASONS FAVOR WILT. 


It is a fact recognized by: most farmers in wilt territory that the 
disease is more severe in wet seasons and less injurious in dry years. 
Abundant soil moisture favors a rapid growth of the cotton plant 
and likewise furnishes the best conditions for the development of 
the fungus. For this reason also, new cases of wilt are usually most 
numerous just after a rain. 


ROOT-KNOT MAKES WILT WORSE. 


When root-knot occurs with wilt, the amount of loss is very 
materially increased, and different methods of control are made 
necessary. Cotton is moderately subject to root-knot, which reduces 
the yield in hundreds of fields whose owners are ignorant of its 
presence. The plant illustrated in figure 4 shows a typical severe 
case of root-knot on cotton. The wounds which the nematodes 
make in the roots furnish points of entrance for the wilt fungus, 
which then completes the destructive work. Whole fields are thus 
practically annihilated, the farmer losing not only the crop but all 
the labor of planting and caring for it, when by the use of proper 
rotations a paying crop could have been grown. Even the wilt- 
resistant varieties bred by the Department of Agriculture are not 
entirely resistant to root-knot and should not be planted on land 
infested by nematodes until such fields have been rotated to reduce 
the number of these eelworms. In almost -every case where wilt- 
resistant cotton sent out by the Bureau of Plant Industry was 
reported to have failed, the reason was found to be the presence 
of root-knot. 
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MEASURES FOR THE CONTROL OF COTTON WILT. 
LATE PLANTING GIVES NO RELIEF. 


Carefully conducted experiments have shown that late-planted 
cotton is as severely attacked by wilt as that put in at the usual 
time. Furthermore, it is a commonly accepted fact that late- 
planted crops seldom produce as large a yield as those planted 
early. In boll-weevil territory, cotton must be planted early to get 
ahead of the weevil. 


FERTILIZERS AND FUNGICIDES INEFFECTIVE. 


Cotton wilt can not be controlled by the use of fertilizers. Neither 
kainit, acid phosphate, salt, lime, potash, nitrate of soda, or any 
other fertilizer used alone or in combination has given any relief. 
In some cases of slight infestation the use of stable manure has 
been of benefit, and its use in the breeding of wilt-resistant varieties 
has been found of assistance. 

The use of soil fungicides is too expensive to be worthy of con- 
sideration. Moreover, large quantities of numerous fungicides have 
been used on wilt-infected land without reducing the amount of the 
disease. 

ROTATION OF CROPS IMPORTANT. 


The fact that the wilt fungus can live for a long time as a saprophyte 


on the decaying organic matter in the soil renders it well-nigh impos- 
sible to starve out the disease by crop rotation. Short rotations are 
of little benefit. While rotations of seven to ten years have reduced 
the wilt somewhat, no case is known where it has been wholly eradi- 
cated. On the other hand, root-knot can be controlled by rotation. 


Fic, 5.—A field of Upland cotton in South Carolina destroyed by wilt. 





COTTON WILT AND ROOT-KNOT. 


Fic. 6.—Dillon wilt-resistant cotton grown two years later on the badly infected field shown in figure 5. 


Because of the almost universal occurrence of root-knot with wilt 
and because of the fact that nematodes increase the severity of wilt, 
rotation of crops, combined with the use of resistant varieties, be- 
comes of vital importance in the control of wilt. 


WILT CONTROLLED BY GROWING RESISTANT VARIETIES. 


Wilt when occurring alone can be successfully controlled by the 
use of wilt-resistant varieties of cotton (figs. 5 and 6). When root- 
knot occurs with wilt, crop rotation must be combined with the 
planting of resistant varieties. Thousands of acres of these varieties 
have been profitably grown on wilt-infected land every season for 
the last eight or ten years. Their use on diseased land has long 
since passed the experimental stage, and each season sees the exten- 
sion of their planting to new territory. 


IMPORTANT FACTS ABOUT ROOT-KNOT. 


ROOT-KNOT CAUSED BY EELWORMS. 


Root-knot of cotton and other crops is caused by minute eelworms, 
or nematodes, which bore into the roots and live there. The irrita- 
tion of their presence results in the formation of irregular swellings, 
or galls, varying in size from tiny enlargements on the small roots 
to knots an inch or more in diameter on the large ones. The male 
worms are too small to be seen with the naked eye, but the females 
(fig. 7) when full of eggs assume a spherical shape and may often be 
distinguished in freshly, broken roots as glistening pearly bodies half 
the size of a small pinhead. Each female may lay several hundred 
eggs, and thus the worms are propagated, 
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HOW ROOT-KNOT IS SPREAD. 


Root-knot may be carried from one field to another by any agency 
which will transfer some of the nematodes or their eggs, in exactly 
the same manner that wilt is disseminated. Drainage water is per- 
haps one of the most important means of ‘spreading root-knot. In 
addition, a common agency for the introduction of the nematode into 
new territory is nursery stock. Seedling pecans, peaches, figs, mul- 
berries, or pomegranates, and young asparagus, cabbage, eggplant, 
strawberry, tobacco, and tomato plants purchased from infested sec- 
tions may carry the worms in their roots or in the soil adhering to 

them. Several cases have come to the notice 
of the writer which have been unquestionably 
traced to nursery-stock importations. In the 
West, where the nematode occurs quite com- 
monly on the potato, the worms are carried in 
the tubers. 


SANDY SOILS MOST SUBJECT TO ROOT-KNOT. 


Root-knot is essentially a disease of light 
soils. Although the disease may occur on 
heavier soils than wilt, yet it is not, as a rule, 
serious on soils containing a large proportion 


of clay. In general, the lighter the soil the 
more severe the root-knot injury. The places 


Fic. 7.—Female of the nema- 
tode gallworm (Teterodera 


radicicola), magnified 85 di- 
ameters: a, Mouth; b, spher- 
ical sucking bulb; ¢, c, ova- 
ries, as seen through the 
body wall; d, anus; e, small 
whitespotsshowing approx- 
imately the natural size of 
these worms. They are 
usually white. It is gener- 
ally not difficult to isolate 
them in water by breaking 
open the galls containing 
them. (After N. A. Cobb.) 


of greatest damage are usually light sandy 


spots or ridges in infected fields. In gardens 
which have been highly fertilized with stable 
manure root-knot is often very severe. 


ROOT-KNOT ATTACKS MANY FARM CROPS. 


Unlike wilt, root-knot attacks a very large 
number of plants, many of which are im- 
portant farm crops. Those subject to root- 
knot injury may be divided into two groups, 


according to their degree of susceptibility. Some of the crops most 
severely attacked by root-knot are as follows: 


Bean, soy. 
Bean, Lima. 
Beet. 
Cantaloupe. 
Carrot. 

Celery. 

Clover, bur. 
Clover, crimson. 


Pecan. 
Pomegranate. 
Potato. 
Salsify. 
Squash 
Tobacco 
Tomato. 
Watermelon. 


Cowpea (all varieties ex- 
cept Iron, Brabham, and 
Monetta). 

Cucumber. 

Eggplant. 

Fig. 

Lettuce. 

Okra. 

Peach. 
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The manner in which the roots of the cantaloupe and Black cowpea 
are covered with swellings, or galls, by the disease is shown in figures 
8 and 9. 

Plants less severely in‘ured by root-knot are the following: 


Alfalfa. Cotton. Spinach. 
Asparagus. Mulberry. Strawberry. 
Bean, snap. Onion. Sugar cane. 
Cabbage. Pea, garden. Vetch, common. 
Clover, sweet. Potato, sweet. Vetch, hairy. 
Collard. Radish. 
A few common weeds are subject to nematode injury and should 
therefore be eradicated where the attempt is being made to reduce 


root-knot in fields. The 
most severely injured 
are the balloon vine, the 
maypop or passion flow- 
er, and the papaya or 
melon pawpaw. Weeds 
less severely affected 
by root-knot are may- 
weed, purslane, and 
sweet fennel. 


SOME FARM CROPS RESISTANT 
TO ROOT-KNOT. 


Fortunately, a few 
farm crops are largely 
or entirely immune to 
root-knot. By employ- 
ing these in suitable ro- 
tations, nematodes may 
be starved out on in- 
fested fields, so that 
susceptible crops can be 
grown until the worms increase sufficiently to cause damage, when 
another rotation is necessary. 

The following crops are largely or entirely immune to root- 
knot: 

Barley. Cowpea, Monetta. Oats, winter. 
Bean, velvet. Grass, Bermuda. Peanut. 
Beggarweed, Florida. Grass, crab. Rye. 

Chufas. Grasses (nearly all). Sorghum. 
Corn. Kafir. Wheat. 
Cowpea, Brabham. Millets (nearly all). 

Cowpea, Iron. Milo. 


Fic. 8.—Root-knot on cantaloupe. 
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ROOT-KNOT INCREASED BY MOST VARIETIES OF COWPEAS. 





Such varieties of cowpeas as the Whippoorwill, Clay, Black, 
Unknown, Red Ripper, New Era, and others are so susceptible to 
root-knot that not only are they seriously injured, but the growing 
of them on nematode- 
infested fields greatly 
increases the number 
of worms in the soil, 
and consequently the 
damage tosubsequent 
cotton or other sus- 
ceptible crops. If is 
a common complaint 
of farmers in wilt sec- 
tions that the wilt is 
noticeably more se- 
vere after a crop of 
cowpeas of a variety 
which is susceptible 
toroot-knot. Thisis 
due to the fact that 
the nematodes make 

Fic. 9.—Root-knot on Black cowpea. points of entrance for 
the wilt fungus, which then kills or further injures the plants. A 
few varieties of cowpeas are highly resistant to nematodes, including 
the Iron, Brabham, and Monetta. These should be the only cowpeas 
planted on land infested with root-knot. 


MEASURES FOR THE CONTROL OF ROOT-KNOT. 
ROOT-KNOT CONTROLLED BY CROP ROTATION. 

































The rotation and diversification of crops are of fundamental im- 
portance to southern agriculture everywhere and become absolutely 
necessary where the root-knot nematode is present. 

It has been repeatedly demonstrated by many farmers that root- 
knot can be controlled by the use of proper crop rotations. The 
principles on which such rotations are based are (1) the use of crops 
immune to nematode attacks until the nematodes are sufficiently 
reduced so that susceptible crops may be profitably grown and (2) the 
eradication of all weeds subject to root-knot. The use of crops that 
will return a profit and the building up of the fertility of the soil are 
also important considerations. Every farmer must work out for 
himself the particular rotations suited to his farm and his type of 
farming. 

If land is very badly infested with nematodes as well as wilt, a 
2-year or 3-year rotation with immune crops is recommended before 
susceptible crops, including cotton, are grown, and they should not 
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be grown for more than one or two years thereafter before the rota- 
tion with immune crops should be repeated. When the infestation is 
less severe, a 1-year or 2-year rotation will do much to put the land 
in condition to grow the crops desired. 

In planning rotations for land infested with root-knot, susceptible 
crops, such as tobacco, sweet potatoes, cotton, cantaloupes, okra, and 
tomatoes should never follow one another. The damage increases 
each year so long as susceptible crops are planted. If the first crop 
should escape serious injury, the nematodes will increase in the soil 
to such an extent that the second crop will be almost sure to show a 
decided loss. Immune crops should always be alternated with sus- 
ceptible ones and the nematode injury thereby reduced to a minimum. 

With regard to winter legumes, such as crimson clover, bur clover, 
Japan clover, and the vetches, the use of which is rapidly increasing 
throughout the South, sufficient observations have not yet been made 
to warrant any general statement. These plants are listed as mod- 
erately to severely attacked by root-knot, but the nematodes are not 
very active during the period between October 15 and April 15, when 
these crops are usually grown, and they may therefore escape serious 
injury. 

BEST ROTATIONS TO USE. 

While no recommendations can be given that will apply to all situa- 
tions and soil types, a typical rotation that can be modified to fit any 
condition is suggested. For land infested with both wilt and root- 
knot the following treatment has been successfully used by many 
armers: Beginning in the fall, sow winter oats if they can be gotten 
in early enough to make a fairly good growth before it is necessary 
to plow the land for the next crop. Plow the oats under for green 
manure and plant corn with Iron, Brabham, or Monetta cowpeas 
between the rows, putting in the corn at the usual time, about March 
15 to 20 for middle Georgia and South Carolina. In the fall sow a 
winter grain; this can be cut for hay or allowed to ripen. Cowpeas, 


‘ either the Iron, Brabham, or Monetta variety, may then be broadcasted 


or, better, planted in 2-foot drills, where they can be cultivated once 
or twice. The cowpeas may be saved for seed or cut for hay and fol- 
lowed by another crop of winter grain. This should be plowed under 
in the spring in time to plant a wilt-resistant variety of cotton the 
third year. Wheat, rye, or barley may be substituted for oats as a 
winter-grain crop, and velvet beans for the cowpeas in the more 
southern districts. Any of the other immune crops included in the 
list on page 11 may be used in the rotation. 

Considerable reduction in the nematode injury will follow the use 
of a 1-year rotation composed of two winter-grain crops with a crop 
of velvet beans or resistant cowpeas grown the intervening summer. 
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In one case in Georgia, the growing of a single crop of Iron cowpeas 
on wilt and nematode infested land, where 75 per cent of the previous 
cotton crop was killed, resulted in a reduction of the loss in the 
cotton crop the succeeding year to less than 10 per cent, as against 
a loss of 90 per cent on adjoining land planted the previous year in 
cotton instead of Iron cowpeas. When the injury is as severe as 
this, however, it is usually more profitable to practice a 2-year or 
3-year rotation. ; 


WILT-RESISTANT VARIETIES DEVELOPED BY BREEDING. 













The commercial varieties of cotton differ considerably in their 
susceptibility to wilt, but none of them are sufficiently resistant to 
be grown profitably on wilt-infected land. As the result of many 
tests it has been found that. the large-bolled cottons, such as the 
Russell, Cleveland, Cook, and Triumph, are in general more subject to 
wilt than other groups. Some of the smaller bolled varieties have 
shown considerable resistance and have been used as a basis for the 
breeding of resistant strains. Some, however, are very susceptible. 

The experiments of the Bureau of Plant Industry, which have now 
been carried on for 18 consecutive years, have shown that the only 
practicable solution of the wilt problem is through the use of wilt- 
resistant strains developed by special breeding. Such cottons have 
been produced and grown successfully for the past 10 or more 
years on thousands of acres of wilt-infected land in a large number of 
localities, until no doubt remains as to the possibility and practi- 
cability of controlling the disease in this way. During this period 
these varieties have been further improved by selection for greater 
resistance, larger yield, longer lint, higher percentage of lint, and other 
desirable qualities. 

The development of wilt-resistant strains requires breeding for 
several years by the careful methods described later in this bulletin. 
Mass selections from apparently resistant strains of existing commer- 
cial varieties will not suffice. The selection of apparently resistant 
plants from the varieties usually grown may occasionally lead to the 
development of a resistant variety, but will generally result in dis- 
appointment. Only by the selection of resistant plants from an 
inherently resistant strain, by the subsequent testing of these on 
wilt-infected land, and by the continuation of individual selections 
and progeny-row tests can a resistant variety be developed. 
































DILLON. 





The first wilt-resistant Upland cotton produced was the Dillon, a 
limbless cluster variety derived from the old Jackson Limbless. It 
is very productive on land to which it is adapted. Crops of a bale 
or more per acre have been grown where other varieties were a 
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failure. The yield of lint is 37 to 38 per cent. This cotton has been 
grown quite widely since its introduction in 1904 and is still highly re- 
sistant to wilt and root-knot. The fact that it is a cluster cotton and 
rather hard to pick has prevented its adoption by many farmers. 


DIXIE. 


The second wilt-resistant variety developed by the Department of 
Agriculture was the Dixie. This has the branched pyramidal habit 
of growth characteristic of the Peterkin group of varieties, and on 
this as well as other 
accounts has gained 
much wider popula- 
rity than the Dillon. 

The Dixie (fig. 10) had 
its origin in aselection 
made at Troy, Ala., of 
a plant presumably 
the result of an acci- 
dental cross between 
two of the numerous 
Upland varieties 
planted there in 1902. 
It has been carefully 
bred by the plant-to- 
row method until well 
fixed and hasbeen con- 
siderably improved in 
earliness, size of boll, 
and percentage oflint. 

The Dixie variety 
is now being grown 
very extensively 
thr oughout the wilt Fic. 10.—Typical plant af Dixie wilt-resistant cotton. 
districts of Alabama, 

Georgia, and South Carolina, and is very largely displacing the Dillon. 

A technical description of the Dixie variety follows: 

Plant vigorous, wilt resistant, of medium height, pyramidal, nearly of the Peterkin 
type, usually with two or more large basal branches, and with long, slender, slightly 
drooping fruiting limbs; leaves of medium size; bolls of medium size, about 75 being 
required for a pound of seed cotton, easy to pick; seed small, weight of 100 seeds 10 


grams, variable in color, but typically covered with short brownish white fuzz; lint 
full seven-eighths of an inch; percentage of lint to seed, 35 to 37. 


HYBRID RESISTANT STRAINS. 


When the boll weevils began their eastward advance toward the 
badly wilt-infected cotton -areas of Alabama and Georgia, a new 
problem was presented, the production of a variety of cotton that 
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would be resistant to wilt and sufficiently early to be grown in the 
presence of the weevil. It was also desired to produce a cotton hav- 
ing larger bolls, longer lint, and a higher percentage of lint than 
either the Dixie or the Dillon variety. The indications are that both 
of these varieties, though medium early, are too late to be success- 
fully grown where the boll weevil is present. Accordingly, in 1908, 
1909, and 1911, a large number of hybrids were made between the 
Dillon and Dixie as wilt-resistant parents and several of the better 
large-bolled early varieties, some of which were being successfully 
grown in areas infested with the boll weevil, namely, the Triumph, 
Cook, Pride of Georgia, Columbia, Coker, Webber, Foster, and Trook. 

The first of the hybrids have now been grown six years on wilt- 
infected land. Several promising types have been selected, which 
are very highly resistant to wilt, uniform, earlier than the Dixie, 
and possess to a greater or less degree the other characters desired 
of larger bolls, longer lint, and higher percentage of lint. There 
remains now the important work of testing these hybrids on wilt- 
infected land in the presence of the boll weevil, to determine which 
ones are best adapted to withstand the attacks of these two most 
serious enemies of the cotton industry. As soon as the tests are 
completed, the best strains will be propagated as rapidly as possible 
and their seed distributed. 

OTHER RESISTANT VARIETIES. 

Several promising wilt-resistant varieties have been bred by Mr. 
A. C. Lewis, of the Georgia State Board of Entomology, and are 
being introduced in Georgia. 

Among the several so-called resistant varieties that have been 
developed by individual farmers, two are worthy of mention. The 
variety known as Sam Wood was developed by Judge Samuel 
Wood, of Abbeville, Ala., and has been grown to a considerable 
extent in Henry and adjoining counties of southeastern Alabama. 
The variety is tall, approaching the semicluster type, quite wilt 
resistant, productive, and gives 38 to 40 per cent of lint. Its prin- 
cipal faults are small bolls and short lint, great lack of uniformity, 
and late-maturing habit. It is probably too late for successful cul- 
ture in the presence of the boll weevil. 

Another variety has been developed in the same section by Mr. 
W. F. Covington, of Headland, Ala., and is known commercially as 
the Covington Toole wilt-resistant cotton. This is a selection from 
the Improved Toole. It possesses the earliness and productiveness 
of the Toole, together with its high percentage of lint, is very uniform, 
and fairly resistant to wilt. For those who do not object to small 
bolls, short lint, and lack of storm resistance, this variety will prove 
superior to other commercial varieties for wilt-infected land, espe- 
cially in southeastern Alabama, to which section it seems best adapted. 
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RESISTANCE TO WILT MAINTAINED BY CAREFUL BREEDING. 


Several years’ experience with wilt-resistant varieties has demon- 
strated the fact that resistance to wilt can be maintained only by care- 
ful attention to breeding. Special care is needed to prevent the dete- 
rioration of resistant varieties through crossing with nonresistant 
cotton in near-by fields, through the lack of selection, and through 
the mixing of seed at the public gms. A careful man can maintain the 
resistance of his cotton indefinitely, but when neglected it loses this 
quality in three or. four years and must be replaced by fresh seed. 
Consequently, there is likely to be a permanent annual demand for 
several thousand bushels of carefully bred wilt-resistant seed in nearly 
every infected county. It is important that this should be grown in 
the home county, as locally grown seed gives better results than seed 
brought from a distance. Because of these facts an excellent oppor- 
tunity exists for progressive men in every wilt-infected county to 
engage with profit in the growing of seed of wilt-resistant varieties of 
cotton. The method found most successful requires care, accuracy, 
and instruction at the start. 


PRINCIPLES OF BREEDING. 


The careful farmer has heretofore attempted to maintain the quality 
of his cotton by planting his seed patch at a distance from other cotton 
to avoid crossing, by pulling out undesirable plants, by mass selection 
of the best plants in the field, and by care to avoid the mixing of the 
seed with that of other cotton at the gm. These are all important, 
but one additional step is necessary for the best results in breeding for 
wilt resistance, viz, the adoption of the plant-to-row method of select- 
ing and testing plants. The increased value of the plant-to-row 
method of breeding, which is necessary to maintain wilt resistance, is | 
based on the principle that individual plants differ not only in their 
visible characters but, what is more important, in their inherent power 
to transmit these characters to their progeny. Two plants growing 
side by side may be identical so far as the eye can see, both in external 
characters and apparent resistance to wilt. The resistance of one 
plant may be due to an inherent quality, which will be passed on 
through the seed to the offspring, while the apparent resistance of 
the other may be caused by lack of wilt infection. By planting the 
seed of these two plants in progeny rows on wilt-infected land it is 
possible to pick out and save the resistant row and discard the other. 
(Fig. 11.) Ifsuch plants are picked together, both the good and the 
bad qualities are perpetuated and progress is greatly hindered. The 
same principles apply to other characters. They are extremely im- 
portant for general cotton breeding, but in breeding for wilt resistance 
they are absolutely essential. 
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BREEDING METHODS. 


For the assistance and guidance of farmers who desire to take up 
the growing of wilt-resistant cotton seed, either for their own use or 
for sale, the methods worked out by the Bureau of Plant Industry 
as the result of 15 years’ experience will be described. 

Briefly, the plant-to-row method of breeding is as follows: Select 
the most resistant plants to be found, pick-and gin them separately, 
plant a row from each on wilt-infected land, discard the nonresistant 
and inferior rows, and continue to select and breed from the best 


Fig. 11.—Progeny rows in a breeding plat of Dillon cotton, each row from a single plant. The center 
row proved nonresistant. The parent plant was healthy, thus showing the necessity of progeny- 
row tests in the selection of resistant strains. 


rows and plants only. The breeder must formulate a type of plant 
toward which to select and keep this always in mind. 


SELECTION OF WILT-INFECTED LAND. 


All breeding work for resistance to wilt must be done on wilt- 
infected land, so that nonresistant plants will be eliminated as rapidly 
as they appear and only resistant ones propagated. Land uniformly 
infected with wilt should be selected, as free as possible from root- 
knot, separated from other cotton to avoid cross-pollination, and near 
enough to the house to be convenient for selection work at odd times. 
The plat may be located in a cornfield or in a field of the same variety 
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of cotton. It should be rectangular in shape, with all the rows the 
same length, and prepared and fertilized as for other cotton. The 
rows should be laid off 4 to 44 feet apart and the hills 2 to 24 feet, 
to allow room for the normal development of plants. 


PLANTING SELECTIONS IN PROGENY ROWS. 


Plant 100 hills of each selection, four or five seeds to the hill, and 
save the remainder for replanting. Checkrow to get the hills evenly 
spaced, or stretch beside the row a cord with the distances inaicated. 
Make a shallow trench with a small bull-tongue plow or make a 
depression with the heel. Drop the seed in this and cover it lightly 
with the foot. Drive a stout stake.at the end of each row and write 
the selection number on it with a hard lead pencil. Make a diagram 
of the plat, recording the number and location of each row, as stakes 
are sometimes broken in cultivation. 


THINNING AND PULLING OUT DISEASED PLANTS. 


After replanting and when the cotton is all up, thin to one plant 
to the hill and record the number of plants left in each row. Under 
no circumstances replant with any other cotton. Go over the plat 
occasionally and pull out all diseased plants. In September, just 
before selections are to be made, count the healthy plants in each 
row. These counts compared with the stand counts will give the 
percentage of wilt resistance. 


SELECTION OF THE BEST ROWS AND PLANTS. 


Discard rows showing much wilt. Carefully compare the most 
resistant rows with regard to earliness, productiveness, uniformity, 
type, size of bolls, and length and quantity of lint, and save four to 
eight of the best rows. In the selection of rows as well as plants, 
wilt resistance is the first and most important consideration. Con- 
tinuous selection toward a certain ideal type is also essential. Pick 
separately several of the best plants from each selected row, giving 
each its proper row number with the plant number added, thus, 
18-1, 18-2, 18-3, and so on. Use tags for labeling plants and sacks. 
Selected plants should be free from anthracnose and other diseases. 


MAKING CAREFUL NOTES. 


Notebooks must be provided to record the data regarding the rows 
and plants. Make notes on the selected rows covering the points 
considered in the selection. Take notes on each selected plant cover- 
ing the following points: Earliness, shape, height, and productive- 
ness of plant, length of joints, shape and size of bolls, size and color 
of seed, and length, strength, and percentage of lint. A special 
4 by 6 inch note blank with spaces provided for these notes in detail 
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has been devised and used by the Department of Agriculture in all 
of this breeding work. By the use of these blanks the time required 
to make the necessary notes has been greatly reduced. Neatness and 
legibility are important, and to this end a pen or hard lead pencil 
should be used, as notes taken with a soft pencil soon become rubbed 
and blurred. Notes should be entered directly in the notebook and 
not copied from memoranda. 


GINNING THE SEPARATELY SELECTED ROWS AND PLANTS. 


The ginning of the individual selections and progeny rows should 
be left until winter, when the rush of fall work is over. A small hand 
gin is most convenient for ginning individual plants. Three types 
of hand gins are on the market: (1) A small saw gin, very similar in 
appearance to the ordinary commercial saw gin, but having only 10 
saws and furnished with a handle by means of which it is operated; 
(2) a small-sized roller gin of the type generally used to gin Sea 
Island cotton and also operated by a handle; and (3) a gin somewhat 
similar to the roller gin, but having a series of fingers instead of 
beaters to break the lint from the seed. The price of these gins 
ranges from $50 to $75. It is often possible for several farmers to 
club together to bear the expense of such an outfit. A single large 
saw gin can be used for row plats. In ginning different individual 
plants or progeny rows, great care should be taken to see that the 
gin is thoroughly cleaned out after each operation, so that not a single 
seed will be left to mix with the succeeding lots. 


DETERMINING THE LENGTH AND PERCENTAGE OF LINT OF EACH PLANT AND ROW. 


Weigh the seed cotton from each plant or row; gin and weigh the 
seed. Compute the percentage of lint by dividing the weight of 
lint by the weight of seed cotton. In the final selection of plants to 
be grown, give preference to those with high lint percentage. Deter- 
mine the length by combing out the lint on a few seeds and measuring 
with a rule. Discard selections having lint that is less than three- 
fourths to seven-eighths of an inch long. 


PLANTING THE BEST SELECTIONS AND ROWS. 


When all the plants have been compared, pick out 25 to 50 of the 
selections made which have the longest and best percentage of lint 
and which conform most nearly in other characters to the type 
adopted. Plant these the next season in progeny rows, as already 
described. Save the best progeny rows and selections from them, as 
before. 

Plant in increase plats the seed of the two or three best rows 
saved, dropping them by hand to make them go as far as possible. 
Save a few seeds for replanting and under no circumstances use any 
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other cotton seed for this purpose. The increase plats may well be 
planted immediately surrounding the progeny block. Thin to one 
plant in a place. Go over the plats several times row by row and 
pull out all wilted and off-type plants, to prevent their crossing with 
good plants. If very much wilt develops in any plat, discard it. 
Pick the increase plats by themselves, carefully sack and label the 
cotton, and put it away until the rush of the ginning season is past. 


CARE IN GINNING. 


To avoid every possibility of mixing with other seed, use a single 
gin, remove every seed from the roll, and do not pass the cotton 
through the usual suction chute, but feed by hand and catch the 
seed on a burlap sheet on the floor. Weigh the seed cotton and the 
seed from each plat and determine the lint percentage. Store the 
seed where there will be no danger of it being mixed with other seed. 


PLANTING THE SEED FIELD FROM THE BEST INCREASE PLAT. 


Use the seed from the increase plat showing the greatest wilt 
resistance, highest productiveness and percentage of lint, and other 
characters conforming most nearly to the adopted type for planting 
a seed field. Give this field the same care as the increase plats. 

Beginning with the third year and each year thereafter, the farmer 
will have 25 to 50 progeny rows immediately surrounded by two to 
four increase plats and a large seed field from which seed can be 
sold or used for planting larger areas. 

Careful personal supervision of the details of this work is essential 
for the maintenance of the best grade of seed. 


COOPERATION WITH FARMERS BY THE DEPARTMENT OF AGRICUL- 
TURE AND THE STATE EXPERIMENT STATIONS. 


The demand for wilt-resistant cotton seed became so great in 1910 
that arrangements were made with a dozen farmers in South Carolina 
and Georgia to grow seed for sale under the supervision of the Depart- 
ment of Agriculture. This was a distinct success, but the demand 
for seed was greater than the supply. The work has since been still 
further enlarged through cooperative arrangements by the Bureau 
of Plant Industry in 1911 with the South Carolina Agricultural Experi- 
ment Station and the State Board of Entomology of Georgia, and in 
1914 with the Alabama Agricultural Experiment Station. 


PURPOSE OF THE WORK. 


The purpose of this cooperative work is twofold: (1) To provide 
a definite and active means of carrying directly to the farmer facts 
regarding the nature of the wilt and root-knot of cotton and other 
crops and the best methods of controlling them and (2) to secure 
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the assistance of progressive farmers in all wilt-infected sections in 
the production of an adequate supply of resistant cotton and cowpea 
seed to meet the local demand, to maintain its quality, and to 
produce still better strains. 





HOW THE WORK IS DONE. 


In the dissemination of information about wilt and root-knot 
every available agency is utilized. A field pathologist, representing 
the Department of Agriculture and the State agency, visits all sections 
of the State where these diseases occur and gives lectures on them 
at farmers’ institutes, at county and State fairs, at meetings of the 
agents of the Farmers’ Cooperative Demonstration Work, ahd at 
other gatherings of farmers. The demonstration agents are very 
important means of getting information and advice to the farmer at 
first hand. It is therefore essential that they have a full and accurate 
understanding of all the details, so that correct advice may be given. 
From time to time the local newspapers are supplied with articles on 
these same subjects. Bulletins are also published by the Department 
of Agriculture and by the State agricultural experiment stations. 


FARMERS BECOME COOPERATIVE BREEDERS. 


Under the supervision of the field pathologists, about 50 farmers in 
the States of South Carolina, Georgia, and Alabama, are now growing 
wilt-resistant cotton seed for sale. These cooperative breeders agree 
to secure proper seed, to follow the breeding methods outlined by the 
field pathologist, to exercise necessary care to maintain the purity 
of their seed, and to offer it for sale at a reasonable price, not to 
exceed an amount previously agreed upon. They also agree not to 
sell seed not grown by them unless so stated. 

The field pathologist, as a representative of the State and of the 
Department of Agriculture, provides these cooperative breeders with 
small quantities of select planting seed in the beginning or refers them 
to other breeders from whom they can purchase such seed at a reason- 
able price. He visits the breeders several times during the season 
to advise with them regarding the work and to show them all the 
details, from the planting through the roguing, selection, note 
taking, and ginning. He will also inspect the seed fields and give the 
breeders seed certificates. 


SEED CERTIFICATES GIVEN. 





In the early stages of the work it was not found advisable to start 
a system of seed certification, but such a system will eventually be 
put into practice. Under this plan two grades of seed are recognized, 
“registered seed’”’ and “improved seed.” By “registered seed” is 
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meant seed grown by the individual-selection and progeny-row 
methods described in this bulletin, which is found on inspection to 
be resistant and of the highest grade and purity. The term ‘“im- 
proved seed”’ designates all other seed where the standard of the 
variety in wilt resistance, productiveness, and purity is being main- 
tained, but where the plant-to-row method is not being followed in 
all of its details. The plan is to give certificates only after thorough 
inspection of the growing crop by the field pathologist and after 
an official test of the seed is made in comparison with standard 
resistant strains. 
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lanting, cultivation, etc., school lessons............---.------- 617 
judging, SCOP COSC, GLE. GOUOGl HOMIE. ooo cn ac eoccdueindsneessdes 617 
PGS. SCHOOL IGRNON, RUGDONIIORE 5a 5:< cian cicacedccnnis cinacniiesciedsass 617 
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Corn—Continued. Bulletin No. 
place in crop rotation, school lessons 
progress of crop and weather conditions, April 6 to August 1, 1914, 
NI a 5 ols Santen SS Sig cracls Cao eee ees 615 
region, weather and crop conditions, April 6 to September 1, 1914, 
diagrams 
school lessons, bulletin by C. H. Lane 
SO0d, Schoo! lenone: AUSROSUIONS: 5 << én,c acs cece neecodwossoceadne 617 
Cotton— 
acreage and condition, July 1, 1914, by States 
branching— 
control, effect on production 
effects of external conditions 
breeders, cooperation of Department, and State experiment stations. 625 
breeding, wilt-resistant strains, suggestions 
close spacing, effect on yield, experiments, etc 
condition— 
August 25, 1914, with comparisons, by States 
July 25, 1914, with comparisons, by States 
May 25, 1914, by States 
conference, ‘personnel, discussion, etc., August 24-25, 1914 
culture, new system and application, bulletin by O. F. Cook 
early short- -season crop, Management, bulletin 
farm prices, September 1, 1912, 1913, 1914, by States 
growers— 
cooperation of Department 
cooperation of State experiment stations 
growing— 
crop rotation as preventive of wilt disease 
damage from root-knot, control by crop rotation 
hybrids, resistant to wilt and boll weevil , development, experiments. 698 
marketing situation, conference, article by Charles J. Brand 
plant, branching habits 
progress of crop and weather conditions, April 6 to August 1, 1914, 


region, wasther and crop conditions, April 6 to September 1, 1914, 
diagrams 
root-knot. See Root-knot. 
spacing, close, advantages 
surplus stock, note 
thinning, methods for early short-season crop 
wilt— 
and root-knot, bulletin by W. W. Gilbert 
cause, means of spread, etc 
characteristics of disease 
control measures 
extent, occurrence, damage 
resistance, maintenance, suggestions 
seasons, and soils favorable 
wilt-resistant varieties— 
development, value, etc 
importance in sandy soils 
yield per acre, estimates, 1904-1913 
Covington Toole, wilt-resistant cotton, description, value 
Covington, W. F., development of wilt-resistant cotton, note 
Cowpeas, suse eptibility to root-knot, resistant varieties recommended. . 
Cows— 
bedding, attention and care 
dairy— 
grooming, advantages, time, etc 
GHACUIDN SIM CORIO... coc ssc chicas cannes epencaewaylades aaboneee 
water supply, importance, care 
eating wild onion or garlic, effect on milk 
Cox, H. R., bulletin on “‘Wild onion: Methods of eradication” 
Cream— 
cooling on farm, importance, relative efficiency of several methods . 
cooling with ice, advantages 
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Cream—Continued. Farmers’ 
garlic flavor— 2 Bulletin No. 
removal, progress at different temperatures and periods of time, 
experiments............ Gdawttateeascasscee bee es Hosune oes 608 
See also Milk. 
Crop conditions— 


PUREE 4 UNE, PIOUIOW 5.5.2) inins ieee oes See Seale saws cYiensin bee ihews 615 
June 1, 1914, by sections, rev bia 26c dan alee 604 
SRI RORY A OEE St coherence ces ewisione as Opa Seon k ee aes 611 
September 1, 1914, SMM 82 Dos oce dew ee tas ceateem cee eens 620 
September 1, 1914, rev BOM sce toes aide vege cedewess Cw aee ey Meee 620 
i rotations, means of control of root-knot................---.-------- 625 
rops— 
"intial and Wales, acreage and production of cereals, pulse and 
WOUMNOOR EG SONS oa So oo cos eee 8S SU ye ea eo ue oes sss 620 
equivalent in yield per acre of 100 per cent condition, August 1, by 
POR os 018d Sate atele sia raids te ey cae oats ealeet ww aoe Rees 611 
equivalent in yield per acre of 100 per cent condition, October 1, by 
PB a Fo Son toscana eas Sant vid ae Sa one Se bear 620 
Florida and California, conditions, June 1, 1914............-..... 604 
Florida and California, conditions July 1, 1914.............-...... 611 
Florida and California, conditions, Sept. 1, 1914...........-....-- 620 


growing condition, July 1, 1914, in percentages of ten-year averages. 611 
hogging-down— 


farming system, rotation, management, etc............----.... 614 
to save harvest labor, farming system in corn belt, bulletin..... 614 
RADIOL CO POO MINOL MISE oi.) < 2 55 orci oicis so Caw ee stew bece tates Soto 625 
Cultivators, types for onion-infested land, descriptions................. 610 
J EE SR ete es oO De eae ct i el eee a eee iss pee mie Ec 613 
Cuttings, willow— 
directions for making....... Bence ere ae tact ee anes ee ence ead eee 622 
number from given weight of different species........-.......-.--- 622 
enn NEP INUNIN 8 ooo a nok Occ epee ste cele ee eee meee 622 
Morny mackine and QMppIMS. .. 2. 6. ..66555-00555.5 40 ses ee eves 622 
Dairy— 
farm, ice houses etwas Olaee, ballet 2.26225 5 etek cos 22S 623 
HIM NCOYONOMINE cfc ttc. eile d wcalcle a eawsie UeSe tees ess cb aw oe eeRES 602 
farming, publications relating to, list...................-----.-2e0- 602 
herd, tuberculous cattle, eradication............. a a Ste a RS Roos 602 
See also Milk house. ; 
Dairymen, production of clean milk supply, advantages... 602 
DAUGHERTY, CHARLES M., article on ‘‘Outlook for the 1914 foreign \ wheat 
NNN ects wall Ss oes sseulse hacen pet hese ae oe ees 615 
DEARBORN, NED, bulletin on ‘ ‘Bird houses and how to build them”... 609 
Delaware, wheat growing, varieties suitable...................-..----- 616 
Devon Cattle Club, American, address of secretary.............---...--- 612 
Devon cattle, description, characteristics............-..-.......2---2-+-- 612 
Dillon cotton, wilt-resistant variety, description and value..........-.. 625 
Dip— 

Y atti arsenic content, determination.................cccccccecees 603 
cattle, boiled, directions for making........................----.- 603 
S-B arsenical, directions for making....................-c0ceeee0- 603 

Dips— 
greenical, dimpopal‘of waste batiis. ..22.-<.<..- 0. 2.22.2 att eee oe 603 
arsenical, for cattle, preparation methods and use directions, bulletin. 603 
cattle— 
changes in strength, causes, correction, management, etc....... 603 
Das Sada ieee aE Send ated netic dba eaves daaweneen 603 
MERECEOTIO SE WHTIONS MORNE 56,0052 5-5 2,055 a soa aban cne peneee 603 
sroporiacs Of substancon Wked. . 2255.6. Soe. secant cseeee 603 
replenishing the bath, directions. ... . . isis aisis) side Se ee se eee eee 603 
Diseases, dissemination through WO RNIN 5. os crses ponte oterb cleus 602 
Dixie cotten, wilt- resistant variety, description end values. 2.25.': 25. 625 
Drake, J. A. , bulletin on “A corn-belt farming system which saves har- 
vest labor Dy home-down Crops”... 2. - - 2s Sons tse cnn seces 614- 
Drug plant, goldenseal, cu tivation, MEMIOM ioe eyes e sce eh ube eece 613 


Dry-18UA Cn), UGAN GYAN, VAING. oo co50 cc Soke eee sek Pee 605 
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Durham cattle, Polled, development of breed, description, ete 
Durum wheat, exports, 1910-1914 


Eggs— 
receipts at five primary markets, August, 1914, and average for five 
GTI ora aac. ons as ta ra hes a ERO ne oe ee ere 
receipts at six primary markets, June, 1914 
England, cereals, pulse and potatoes, acreage and production, 1913, 1914 
REGIE WO GUOE ics sisinre-<. cn Gre csetxeiohn Sadan oes eeada due Gees 620 


Farm— 
animals, prices paid to producers, July 1, 1914, by States..........- 611 
dairy. See Dairy farm. 
kitchen as a workshop, bulletin by Anna Barrows...........--.--- 607 
products— 
prices paid producers, July 15-August 1, 1914 
prices paid to producers, August 15, 1914, by States ss, ..:..<.0.5..::0:5 620 
prices, trend, August 1, 1914 
prices, trend, July 1, 1914 
prices, trend, June, 1914 
prices, trend, September 1, 1914 
Farming— 
hogging-down system, relation to labor problem. 
hogging- -down system, sources of income............--------------- 614 
system, corn belt, hogging-down crops to save harvest labor, bul- 


Farms— 
corn belt, reorganization to meet labor conditions, suggestions 
run-down, value of hogging-down rye 
Feed— 
chicks, preparation, feeding, etc 
influence on flavor of milk, caution, preventive measures, etc...... 
Sudan hay, value, palatability, digestibility, etc 
Feeding— 
chicks. 
dairy cows, suggestions and cautions.........-...-.----------+-+++- 602 
Flax, condition, forecast, price, August 1, 1914, by States.............. 615 
Flaxseed— 
acreage, condition, forecast and price, July 1, 1914 
condition, forecast, and price, September 1, 1914, by States......... 
Florida, crop conditions— 
July 1, 1914 
June 1, 1914 
September 1, 1914 
Fly— 
Hessian. See Hessian fly. 
screens, farm home, suggestions 
Forage crop, Sudan grass, bulletin by H. N. Vinall 
Fragilis triandra, description, advantages ........-.---.--.---------+-- 622 
Freight rates, Argentine corn, May, 1914, report 
French Draft Horse Association, National, address of secretary 
French Draft horses, breeds included, descriptions..............------ 619 
Fruit crops— 
condition and comparisons, June 1, 1914, by States...............-- 604 
Comawaony uly}, TOA, Dy Makes a oi a5 ce cir ons oor ein aeins = Ga saeies 611 
conditions, June 1, 1914, by sections, review j 


Fruits— 
attractive to birds, seasons for ripening, indigenous and exotic varie- 
tues tor Nordhoastern States. ..<. . .c:..:< <5 .nccrncie:ss:a'wnadatcauaete 621 
condition— 
PiaaietL: NOUE. Gees aia oiaie72 aioe ncn, Nes aia mn a eee ee 615 
September 1, 1914, by States. ..........--.----------+--+-e-- 620 
growing, protection from birds by wild varieties.............-..--- j21 
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Galloway Breeders’ Association, American, address of secretary 
Galloway cattle, description, characteristics, etc........--...-.-------- 612 
Gallworm, nematode, iouinlion, damage to crops, plants attacked..... 625 
Garawi. See Sudan grass. 
Garlic flavor, removal from milk and cream, bulletin 608 
Garlic. See also Onion, wild. 
Gasoline brooders— 
PUMPING AN onan Scie iets oes ae Noi cineine Se mtemramen eine release 624 
types and management 624 
Georgia, wheat growing, varieties suitable, note 616 
GILBERT, W. W., bulletin on “Cotton wilt and root-knot”’ 625 
Goldenseal— 
berries, development and description... .........---------0-- eee 613 
consumption, annual 613 
cultivation, bulletin by Walter Van Fleet 613 
digging and curing 613 
INDRA ORIAMONDONING saa 2 cc fire otic a one wie eia ee creat as eae oa 613 
“fiber,’’ description and value 613 
613 
plant, description, habitat, and range 613 
IFIOEE HOBO LOTS, VORIBUIONG 2526's cc dea eis ons Hone bséaeeedoeeenes 613 
propagation 613 
root-bud propagation 613 
roots, description 613 
shade requirements, management, suggestions, etc............---.- 613 
yield, cost of production, etc 613 
Grass— 
crops, condition Septemner 1, 1914, by States 
Sudan. See Sudan grass. 
Tunis, description, growth habits, etc 
Grasses, condition August 1, 1914, by States... ........+..,----.-+---- 
Grasshoppers, injury to Sudan grass, control measures 
Green + nl American, description, characteristics, advantages, etc. . - 
Gulf Coast, cattle raising, value of Brahman breeds 


Harding, W.G. P., suggestions for relief of cotton situation, Cotton Con- 
ference of August 24-25, 1914 
Harvest, wheat, percentage of world’s production, by months 
Bat VOsUNG HUUAN TASS. -...2<2:5555- 5-0. ce 7s eee none Mnecr cee aats 60 
Hay— 
acreage, condition, forecast price, August 1, 1914, by States 615 
condition— 
ana nirice, June I, 1914 by States, 5.32: <c...005 scnwe ct ntjend<=- 
of different crops, and prices, July 1, 1914, by States........... 611 
several kinds, condition, August 1, 1914, by States 
Sudan grass, quality, yield, feeding value 
yield, quality and price, September 1, 1914, by States...........-.. 
Hen; sitting, treatment for mites and lice... :.......-.-- 5. -.0-+cecseersie 
Hens— 
brooding incubator chicks, management 
with chicks, management, losses from free range, etc 
Hereford cattle— 
Breeders’ Association, American, address of secretary 
description, feeding, and growth habits 
value for South 
Hessian fly— 
article by F. M. Webster 
range, life habits, damage to wheat, etc 
Heterodera radicicola, description, damage to crops, plants attacked 
Hides, cattle-- 
exports by foreign countries, 1912, by countries 
imports, 1909-1914, by countries from which consigned 
imports, 1912, by countries from which consigned 
supply, article by George K. Holmes 
Hog supply, September 1, 1914 
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Page, 
14 
13-14 
8-11 


14 
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Hogging down some saving of harvest labor, farming system in corn belt, 
lletin by J. A. Drake 

Hogs— 

gains on rye pasture 

number and condition, September 1, 1914, comparisons with 1913, 

by States 

raising in corn belt, means of saving harvest labor, bulletin 
Homes, Georce K., article on “Supply of cattle hides” 
er production, yield per colony, 1913, 1914, by States 

ops— 

condition, August 1, 1914, by States 

condition, September 1, 1914, by States 
Horses— 

breeds, reference books, list 

draft— 

breeds, bulletin by G. Arthur Bell 
characteristics, requirements, etc 

House birds. See Birds. 
Hovers, types, caution, etc 
Hydrastis canadensis. See Goldenseal. 
Hydrastis. See Goldenseal. 


Ice— 

cost of cutting and packing 

harvesting, equipment, management, suggestions, etc 

house— 
farmers’, construction, important features, illustrations, etc... . 
insulation, importance, materials suitable 

houses— 
and use of ice on dairy farm, bulletin 
drainage, management 
specifications for various kinds................-..--2+.--+e+0:- 623 


storing on dairy farm, quantity required, shrinkage, etc., investiga- 


use on dairy farm, and ice houses, bulletin 
Ice-water tanks for cooling milk, construction 
Illinois, wheat growing, varieties suitable 
Imports, hides, by countries from which consigned 
“Indian” cattle, description, characteristics, etc 
Indiana, wheat growing, varieties suitable 
Insect nets, description, ‘suggestions, etc 
Insects— 
breeding cages, construction 
collection and preservation for study of agriculture (with other mate- 
rials), bulletin by C. H. Lane and Nathan Banks 
collection for study of agriculture, selection, equipment, and pres- 
ervation 
killing bottle for specimens 
mounting, directions 
PiNMaBe BOeCHMONs, GIFECHONE: ooo 25... cc oc sas ccs ce ntecncasoveseos 606 
preservation of specimens for school use..........-...----------+---- 606 
Irrigated lands, Sudan grass, value, comparison with alfalfa 


Jounson, W. T., Jr., and S. Henry Ayres, bulletin on ‘“‘Removal of 
garlic flavor from milk and cream”’ 


Kansas, wheat growing, varieties suitable 
Kentucky, wheat growing, varieties suitable 
Kitchen— 
farm, as workshop, bulletin by Anna Barrows 
farm, lighting, ventilating, and heating 
fixtures, arrangement for saving labor 
floor, walls, and ceiling, finish and care 
laundry, installation, labor-saving devices, etc 
location, relation to other parts of house 
Knives, cutting, for willow rods 
Kiistermann willow, description, advantages 
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Labor— Bulletin No. Page. 
TOT CONGIMONIN CON ANOLE so oak os Sars ink 4c sas Kee Bpeens cans oc 614 1-2 
requirements and distribution in hogging-down farming system.... 614 13-16 
requirements, 100-acre hogging-down farm in corn belt............- 614 6-7 

Lams, GeorceE N., bulletin on ‘Basket willow culture”..............- 622 1-34 

LAMBERT, Guy M., and Joun T. Bowen, bulletin on ‘‘Ice houses and 

{ve Use Ol Ice On 1G Gairy MEM”... se ene ct sesees 623 1-24 

Lamon, Harry M., bulletin on ‘Natural and artificial brooding of 

CRON ccc eerie Geb od pre ne era a eee aimee x dea ee ae 624 1-14 
RIE OGE COMI OOTMO Ee. Soc c.ecsituis oa tax be cian bie giea Satine ome eee 614 8-9 
Lane, C. H.— 






and Natuan Banks, bulletin on ‘‘Collection and preservation of 
insects and other material for use in the study of agriculture”. 606 1-18 
: 6 























ullotin:on “Seno WSRONS ON CONN. . ans oieace se visecee ss sccteeo% 17 1-15 
Lantern slides, use in study of agriculture in schools.................--- 606 17-18 
Laundry, installation in kitchen, labor-saving devices, etc...........-- 607 12 
MAN OUIIN-INTORLOU, APORTIMOTIE: <<... 3.0 25cces  e:e:e'o dace 645 os vas edacrex es 610 5-6 
Leaf-spot— 
NOIR: 2 o50)o See as saab necesita esses daceussweonsees 618 11-18 
description, appearance on sugar-beet leaves............-..------- 618 24 
disease of sugar beet, bulletin by C. O. Townsend...............-. 618 1-18 
distribution, agencies, and conditions contributing.................- 618 7-9 
Sloc’ On Bupat DOCt TADS ANG THOUS: 5 cio. 5 osc scie cess ecainencesss 618 9-11 
PHUIPUS TARO, STORE LO CVCIO; CLC. a 5.50555 se sn ne sas 5's cielo mae 618 4-7 
Lrieuty, CiypveE C., bulletin on ‘‘ Winter-wheat varieties for the eastern 
RRC RNIN gee a aang dela bes wn orqe cia cama indice ae 616 1-14 
Lemioy ‘walow, patent, description. ...-. 2... 25.0 ace bossecssasccanes 622 7 
Lemley willows, description, characteristics.............--..------+--- 622 
i Lettuce, shipping by parcel post, experiments......................+--- 611 20-21 
| Live stock— 
j England and Wales, numbers, 1911, 1912, 1913, 1914............... 620 16 
prices paid producers, August 15, 1914, by States..........-..----- 620 32-33 
Louisiana, wheat growing, varieties suitable................-.--.------- 616 6 







, | Rep OREN RG AN CAULIO CIDR ooo 55 << six Sis d. oo tie dine 8555 eo. tindcwacnce 603 4 






Marketing— 







apple crop, article by Clarence W. Moomaw................--.-.-- 620 16-22 

by parcel post, article by Charles J. Brand........................- 611 16-22 
i IE RIININ oko ge Sana cies cmp Sea acs in's Hos. iam ivininlelc eee nk ake o me 620 8-15 
Markets— 













Maryland, wheat growing, varieties suitable....................---+--- 





















i Maxwell, Joseph E., statement on drought resistance of Sudan grass.... 605 7 
McAdoo, Secretary, statement on cotton marketing situation, plans for 
i ORR AN so cinta 9's asc Misia rea «tiny a eT im ain Senin ars oa 620 11-12 
McATEE, W. L., bulletin on ‘‘ How to attract birds in northeastern United 
ON hints nan tlows las Grete cis paleain ge imrae aernicte is cons cae os 6 
Medicinal plant, goldenseal, cultivation, bulletin by Walter Van Fleet. 613 
Melons, crop condition and comparisons, June 1, 1914, by States........ 604 
ne, mnoat crowing, varidties suitable. . 00... css ec cee nc acee 616 10 
ilk— 3 
bacteria, increase at different temperatures, table..............--.- 602 2-3 
ro er care, danger from contagious diseases, etc..............---- 602 4 
“ce Cc ean 7 
| IRN oS recs cat An's cp a spires Sen atte cpa we wa emis nae 602 2 
AEIIINIOO C0, PIUSUINDE oo oa sain sedis v5 aid cc c's dels aabieseemiee 602 4 
i MPOEIRRUG AO MIOQUOEE 5-55 scene gist eendse Det e wae Heke ae 602 5 
CUNO CITED fins. o kien sew sv oe SOs aid aoe 5 sehen daigniee Youd 602 1-18 
DOMINIO NEBR oo oie ases had matoe oe Sia ie ome eweresias none 602 4 
ASE OO IANOTT AD CIMINO eS so an '0 86 sc Saale Se beslove le x oeaecd sla ne wanes 602 5-6 
garlic flavor, removal, progress at different temperatures and periods 
Cit (ORMGMIODG Fics ois sae mcis soon cea alee olivine eeieietees 608 1-4 
garlicky, removal of flavor, commercial use of process.............- 608 4 
PRUNES 2 COON OIG S 56.5.5. 952i sis als Sato brs Sale sic earn idles sabes 602 14-16 
house, location, construction, equipment. .................------- 602 11-13 
onion flavor, preventive measures. .........-......--2.seeeeeeeeee 610 8 






Farmers’ 

Milk—Continued. Bulletin No. 
production, management of herd, suggestions.............-..--..--- 602 

use in calving period 602 
utensils, care, sterilization, etc 602 

602 

Milking, management, caution, etc 602 
Milling garlicky wheat, difficulties 610 
Mississippi, wheat growing, varieties suitable, note 616 
Missourl, wheat growing, varieties suitable 616 
Modella cotton, wilt-resistant variety, note 625 
Moomaw, CLARENCE W., article on ‘‘Marketing the apple crop” 620 


Nematodes, description, damage to crops, plants attacked 625 
Nesting boxes, bird house, dimensions for different species...........-- 609 
Nesting sites, bird, means of attracting to homestead, suggestions. ...... 621 
New England, wheat growing, varieties suitable, suggestions 616 
New Jersey, wheat growing, varicties suitable, note 616 
New York, wheat growing, varieties suitable g 616 
Nivernais horse, description 619 
Norman horses. See French draft horses. 

North Carolina, wheat growing, varieties suitable 616 


Oats— 
acreage, condition, forecast, and price, June 1, 1914, by States...... 604 
condition, forecast, and price, August 1, 1914, by States. ........-.- 615 
condition, forecast, and price, July 1, 1914, by States.............. 611 
condition, forecast, and price, September 1, 1913, 1914, by States... 620 
Ohio, wheat growing, varieties suitable 616 
Oklahoma, wheat growing, varieties suitable, note 616 
Onion, wild— 
distribution through seed grains, preventive measures, etc 610 
eradication methods, bulletin by H. R. Cox 610 
propagation through aerial bulblets, preventive measures, etc 
range, description, and habits of growth 
Onions, crop condition and comparisons, June 1, 1914, by States 
Oregon, clover-seed production, damage by clover midge, etc 
Osier— 
black, note 
white, note 
See also Willow. 


Parcel post— 
marketing by, article by Charles J. Brand 
rates, 1-150 miles 
Pasture— 
condition, June 1, 1914, by States 
onion-infested, treatment 
onion-infested, value of sheep, management 
Peaches, crop condition and comparisons, June 1, 1914, by States. ..... 
Peanuts— 
condition August 1, 1914, by States 
condition September 1, 1914, by States 
Pears, crop condition and comparison, June 1, 1914, by States 
Peas, Canadian, crop condition and comparison, June 1, 1914, by States. . 
Peeling machines for willow rods, types, suggestions 
Pennsylvania, wheat growing, varieties suitable 
Percheron horse— 
introduction, characteristics, distribution 
origin, improvement, requirements for registration in France 
Percheron Society of America, address of secretary 
Pigs, pastures and feed 
Pine tar, nature and handling 
Plowing, onion-infested land, time and method. ...............---..-- 610 
Plows, types for onion-infested land, descriptions 
Polled Durham— 
Breeders’ Association, address of secretary 
cattle, development, description, etc 
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Farmers’ 

Polled Hereford Cattle— Bulletin No. _— Page. 
Breeders’ Association, address of secretary 10 
characteristics 2 10 

Porch, storm, for farm kitchen, advantages, and construction 

Porto Rico, cane-sugar produc tion, 1912, 1913 22 

Potash, caustic, nature, strength used in cattle dips, caution, etc........ 603 

Potassium hydroxid, nature, strength used in cattle dips, caution, etc... 603 

Potatoes— 
acreage, condition, forecast, and price, July 1, 1914 611 
condition, forecast, and price, September i, 1913, 1914, by States. . 620 
condition, forecast, price, August 1, 1914, by States 618 
England and W. ales, acreage and production, 1913, 1914 620 

Publications— 
cattle breeds and breeding, standard. ..............-....-.-----.- 612 
dairy farming, list 602 

Pulse crops— 

England and Wales, acreage and production, 1913, 1914 
See also Beans, peas, etc. 
Purple willows, description, value in holt, etc 


Railroads, car supply for wheat crop of 1914. ................--------- 
Range cattle, value of Hereford breed 
Raspberries, crop condition and comparisons, June 1, 1914, by States... 
Red Polled Cattle Club of America, address of secretary 
Red Polls, dual-purpose cattle, dese ription, characteristics, value 
Rice— 
acreage, condition, and forecast, July 1, 1914 
condition forecast, price, August 1, 1914, by States................ 
condition, forecast, September 1, 1914, by States 
Roads, mileage traversed by mail carriers 
Rock, specimens for study of agriculture in schools, collection 
Root-knot— 
and cotton wilt, bulletin by W. W. Gilbert 
contro] measures 
cotton— 
cause, means of spread, etc 
characteristics of disease 
extent, occurrence, damage 
soils favorable 
spread, means 
Rye— 
acreage, production, price, August 1, 1914, by States 
crop— 
advantages for hogging down, comparison with wheat 
condition, July 1, 1914, by States 
hogging down management, advantages, etc 
growing, money income from acre, harvesting and hogging down, 
comparison 
with clover, ration for hogs, value 


Sal soda, nature, appearance, etc 
Saliz— 
amygdalina americana, description 
amygdalina, description, characteristics, adv pene etc 
daphnoides, description, note 
dasyclades, note 
pentandra, description 
purpurea, description, value in holt, etc 
viminalis, note 
“Sam Wood” cotton, wilt-resistant variety, description and value 
Sawdust, insulating efficiency for ice houses, value of different kinds and 
conditions 623 10,11-12 
Schools— 
lessons on corn, bulletin by C. H. Lane 
study of agriculture, illustrative materials, sources, collection, and 
preservation, bulletin 





Farmers’ 
Seed— Bulletin No. 
— goldenseal, preparation, location, and management 
clover— 
acreage and condition, September 1, 1914, by States 
See also Clover seed. 
corn, study in schools, suggestions 
Sudan grass, yield, harvesting, adulteration, etc.................... 
Seeding— 
Sudan grass, preparation and methods 
wheat, time for several districts, to avoid Hessian fly 
Seeds, goldenseal, harvesting and treatment for propagation 
Sheep, pasturing on onion-infested grass, suggestions 
Shipping wheat crop of 1914, car supply 
Shire Horse— 
Association, American, address of secretary. ..........----..------ 619 
origin, description, etc 619 
Shorthorn— 
Breeders’ Association, American, name and address of secretary.... 612 
cattle, description, feeding and growth habits, milking qualities, etc. 612 
dual-purpose cattle, description and characteristics 
Sodium carbonate— 
monohydrated, nature, appearance, etc 
nature, appearance, etc 
Sodium hydroxid, nature, forms, caution, etc 
Soil— 
specimens, collection for school use, directions 
willow culture, requirements, preparation, etc 
Soiling crop, Sudan grass, value 
Sorghum— 
blight, injury to Sudan grass 
condition— 
August 1, 1914, by States 
July 1, 1914, by States 
September l, 104, by States... 2... cs sccscwecsccccangesicasac 620 
South— 
beef production, value of Aberdeen-Angus cattle 
beef production, value of Hereford cattle 
South Carolina, wheat growing, varieties suitable, note 
Soy beans, feed for fall pigs, value, etc 
Spraying, sugar beet, for leaf-spot, experiments, management, and cost. 618 
Stable, dairy herd, location, care, equipment, etc 
Sterilizing, willow cutting, directions, solutions, etc 
Strawberries, shipping by parcel post, experiments 
Sudan grass— 
as forage crop, bulletin by H. N. Vinall 
breeding new types, discussion 
climatic and soil requirements 
GUASIEOIONG MOOR soo: ook 5 scans ci nacdneicas mamiasise aaiacamamaaie 605 
description, growth habits, etc., comparison with Johnson grass 
drought endurance 
harvesting 
in mixtures with legumes, advantages, yield, etc 
introduction 
natural enemies 
seed production, yield, thrashing, etc . . 
Suffolk Association, American, address of secretary. ..........-------- 619 
Suffolk horse, origin, description, value, etc 
Sugar, cane, production in Porto Rico, 1912, 1913 
Sugar-beets. See Beets. 
Sulzer law, apple barrels and standard grades 
Sweet potatoes— 
condition, forecast and price, August 15, 1914, by States 
condition, forecast, price, August 1, 1914, by States 


Tar— 
emulsion, cattle dip, directions for making 
pine, nature and handling 





FARMERS’ BULLETINS, NOS. 601-625. 


Farmers’ 
Bulletin No. 
Tennessee, wheat growing, varieties suitable, etc.....................-- 616 
Texas, wheat growing, varieties suitable 
Thinning cotton— 
porta  MUIMIRRIORA: 3 aocic0 aes ewecous Ss obese cde cece eeoa ess 601 
time and method 
Tobacco— 
acreage and condition, July 1, 1914, by types and districts 
condition— 
and forecast, July 1, 1914 
forecast and price, September 1, 1914, by States 
forecast, price, August 1, 1914, by States 
TOWNSEND, C. O., bulletin on ‘‘ Leaf-spot, a disease of the sugar beet” .. 618 
Tree guards, bird protection, illustrations 621 
Tunis grass, description, growth habits, etc 5 


United Kingdom, importations of wheat for five months ending May 31, 
1914, consignments from several countries, etc 


Van Fieet, WALTER, bulletin on ‘“‘Goldenseal under cultivation”..... 613 
Vat, dipping, capacity determination 603 
Vegetable crops, condition July 1, 1914, by States....................-. 611 
Vegetables— 
AUICME 1 Ole WY MON hee ose ee acces cence se eed 615 
crop condition and comparisons, June 1, 1914, by States 
September 1, 1914, by States 
Ventilation— 
farm kitchen, methods 
ice house, necessity, suggestions 
VinaLt, H. N., bulletin on ‘‘Sudan grass as a forage crop” 
Virginia, wheat growing, varieties suitable 


Wales, cereals, pulse, and potatoes, acreage and production, 1913, 1914 
(with England) 620 
Warp, W. F., bulletin on ‘Breeds of beef cattle”.....................- 612 
Watermelons— 
crop condition and comparisons, June 1, 1914, by States 
crop condition, July 1, 1914, by States 
WesstER, F. M., article on ‘‘ Hessian fly” 
Wheat— 
acreage, condition, forecast and price, June 1, 1914, by States 
condition— 
estimates, etc., August 1, 1914, by States 
forecast, stocks on farms and price, July 1, 1914, by States 
crop, foreign— 
outlook for 1914 
outlook for 1914 
crop, 1914, marketing, relation of car supply, article by G. C. White. 611 
durum, exports, 1910-1914 615 
foreign, outlook for crop of 1914 
garlicky— 
cleaning 
disad- antages at markets and mills 
growing, transition zones, types used, etc 
hard red winter, \ arieties adapted to different sections 
har est, world’s, percentage by months 
importations into United Kingdom for five months ending May 31, 
1914, consignments from se- eral countries 611 
impro ement of \arieties, seed selection, etc...........------------ 616 
New England, demand as feed for poultry, suggestions 616 
prices— 
August 1, 1914, by States 
September 1, 1913, 1914, by States 
production per capita, 1891-1893, 1911-1913 : 
progress of crop and weather conditions, April 6é-August 1, 1914, dia- 





INDEX. 15 


Farmers’ 
Wheat—Continued. Bulletin No. — Page. 
prospects, July 1, 1914 3-5 
rezion, weather, and crop conditions, April 6 to September 1, 1914, 
diagram iy 38-39 
shipping, car supply for crop of 1914 j 23-26 
soft— 
red winter, \ arieties adapted to different sections............-.. 616 4-11 
white winter, characteristics, demand, \ arieties recommended. 616 11-12 
spring, condition, forecast, and price, September 1, 1914, by States. 620 23 
time of sowing for several districts, to avoid Hessian fly 611 15-16 
varieties adapted to different districts, grouping 16 =13-14 
winter— 
ad- ance northward, advantaces, etc 2-3 
varieties for eastern United States, bulletin by Clyde E. Leighty. 616 1-14 
yield per acre, ax erage, 1909-1913........ Pa tase a ate sa ed 620 15 
Waite, G. C., article on ‘‘Car supply in relation to marketing the wheat 
crop of 1914” ) 23-26 
Wild onion. See Onion, wild. 
Willow— 
American, description, characteristics. ..............-222-ce-ee- 622 6-7 
basket, culture, bulletin by George N. Lamb 622 1-34 
culture, \ arieties recommended 622 5-9 
cuttings— 
machine for making, illustration 322 14 
selection, price, time, size, and age Ns 911 
growing— 
18-20 
experimental plot, recommendation 23 34 
profits per acre, vearly returns for first four years.............. 322 28-31 
range, introduction of new species, etc 323 1 
holt— 
planting and apacine cuttings :: ....52002'.5:ss2cocsssetecesslsan 622 15-16 


i management 622 20-22 
selection of site +.. 622 1-3 


rods— 
American grown, demand 33 
bundling and pitting 24-25 
harvesting, directions, equipment, cost 622 23-24 
622 23 
market price 622 32 
peeling, drying, drafting, bundling, etc 622 25-27 
ware— 
manufacture, use, and \alue of American stock, etc iy 31-34 
uses in Europe 
Willows, \ arieties, description 
Wilt, cotton. See Cotton wilt. 
Winter wheat. See Wheat. 
Women, farm, importance of kitchen arrangement, equipment, 
cation, bulletin by Anna Barrows 
Wood, Samuel, de. elopment of wilt-resistant cotton, note 
Wool, weights per fleece, and price, July 1, 1911, by States............ 611 


Zebu cattle, description, characteristics, etc 
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